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HIS preliminary report concerns an experience of a year in the surgical 

removal of pulmonary tubereulous foei which remain after continuous daily 
antimicrobial therapy with streptomycin and PAS has been in foree for four 
months or longer. The practice has been to perform local excision of diseased 
areas, usually with disregard for the segmental anatomy of the lung, and the 
rationale for this surgical procedure is based on three prineiples. The first prin- 
ciple relates to the significance of the necrotic (caseous) tuberculous foeus as 
the cause of clinical relapses of the disease. The second principle concerns the 
absence of tubercle bacilli in sputum, for it is our belief that many of the post- 
operative tuberculous complications are related to operation performed at a 
time that the sputum contains organisms. The third principle relates to a con- 
servation of good functioning lung tissue, for in most patients the most dan- 
gerous pulmonary disease is located in the superior and posterior portions of 
lobes of lung. 

At this date, thirty patients have been operated upon, and the immediate 
results have been sufficiently encouraging to warrant a continuation of the 
program. The patients are in two distinet groups with regard to the extent of 
the pulmonary disease on admission to the hospital. One group consists of four 
patients with disease of minimal extent, none of whom had shown tubercle 
bacilli in repeated cultures of sputum or gastric washings during hospitaliza- 
tion. The logie back of the operative procedure in these eases was based upon 
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the report of one of us! that minimal pulmonary tuberculous disease always 
contains one or more necrotie lesions; and generally is a localized lesion in the 
superior and posterior portions of lobes of lung. It should, therefore, be pos- 
sible to remove the necrotic lesions completely by a small local excision. The 
remaining twenty-six patients had moderately (sixteen cases) or far-advanced 
(ten cases) pulmonary disease on admission to hospital. None had had posi- 
tive cultures of sputum or gastrie contents for many weeks or months prior 
to surgery, although most had shown repeated positive cultures or smears of 


sputum prior to and early in the course of chemotherapy. 


CARDINAL POINTS IN THE PATHOGENESIS OF PULMONARY TUBERCULOSIS 


Pulmonary tubereulosis is an infectious disease which is induced by the 


inhalation of an extremely minute air-borne particle that contains tubercle 
haeilli. This particle may, by chance, lodge in any portion of the lung paren- 
ehyma, and a minute microseopie foeus of lobular pneumonia is produced at 
the site of deposit. Unless this particle lodges in a vulnerable spot in the lung 
(the upper and posterior portions of pulmonary lobes in the adult’), the dis- 
eased area seldom becomes more than a few millimeters in diameter and eventu- 
ally heals without any further dissemination. The common finding of single 
fibrocalcific nodules in the lower and anterior portions of the pulmonary lobes 
at necropsy on persons who die from causes other than tuberculosis is ample 
proof that tubereulous foei in these regions very commonly heal. However, it 
is common, although not universal, for bacilli-containing particles that lodge 
in the superior and posterior portions of pulmonary lobes to induce a progres- 
sive pulmonary disease. The cardinal difference between the initial disease in 
these locations is that the necrotic focus in the lesion in the upper portions of 
lobes commonly sloughs into its connecting bronchus whereas sloughing of 
lesions in other areas seldom occurs. From this, it is readily seen that the 
process of necrosis and of sloughing of the necrotic lesion into the bronchial 
tree is a most important element in progressive pulmonary tuberculosis. 


The complex morphologic picture that occurs as a result of the dissemina- 
tion of the disease through the bronchial tree has been presented previously 
by one of us,? and at present only two phenomena will be mentioned. Fre- 
quently there are considerable areas of pneumonia which do not procede to 
necrosis. These areas of disease are reversible, and heal either by complete 
resolution or by sear formation. Other areas undergo necrosis and are irre- 
versible. These form the well-known necrotic pneumonie lesion (the caseous 
lesion) which essentially is a tuberculous abscess. These absceses may soften 
up and slough into the connecting bronchus early or they may remain with the 
dead framework of the lung intact within the necrotic zone for many months, 
or even years. All of the necrotic pneumonic areas have a tendency to slough 
and the larger the lesion the greater is the hazard because an organization by 
fibrosis is extremely slow and difficult. A discharge of the softened necrotic 
debris into bronchi leads to the formation of the tuberculous cavity and, since 
the necrotie area is seldom cleanly sloughed, the cavity “wall” is composed to a 
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A. 


Fig. 14.—A 32-year-old, white man who had acute onset of pulmonary tuberculosis in 
February, 1949, with progression on strict bed rest. There is a large cavity with a fluid level 
in the apex of the RLL, pneumonic infiltrate and multiple cavities in the RUL, and an infiltrate 
in the left midlung field. 


Fig. 1B.—This is the same patient after seventeen months of continuous daily streptomy- 


cin and PAS. The pneumonic component has resolved. The cavities are filled in, leaving solid 
lesions. 


3-1-5 


Fig. 1C.—Bilateral resection has been completed. Three segments and two wedges were 


removed from the right lung. A single wedge was removed from the lingula. He has had 
fourteen negative postoperative sputum cultures. M. B. C. preoperative 128 1/min, postoperative 


132 1/ 


min, 
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greater or lesser extent of necrotic lung tissue. It is this situation that makes 
a complete healing of cavity by sear formation so difficult and that leaves on 
“closure” of cavity an area of necrotic material surrounded by scar tissue with 
the patent connecting bronchus remaining or only plugged by inspissated 
debris. Such a filled-in cavity ean again become an open cavity if the inspis- 
sated contents become sufficiently fluid to flow down the bronchus. It is the 
éommon persistence of the unhealed necrotic pneumonie tuberculous lesions in 
persons who have become clinically well of the disease that are the cause of 
relapses of the disease at a later date. These necrotic lesions usually harbor 
living bacilli for a long time and, although the numbers of bacilli are extremely 
variable, they sometimes are present in tremendous numbers even if they are 
not demonstrable in sputum. Unless these necrotic lesions are eradicated by 
one means or other, they constitute a major threat to the continued health of 
the tubereulous patient. 


ANTIMICROBIAL THERAPY 


The effect of combined streptomycin and PAS therapy in patients with 
moderately or far-advaneed pulmonary tuberculosis at Sunmount are being 
reported by D’Esopo and Raleigh.* The emergence of a bacillary population 
that is resistant to either chemical agent is greatly delayed, and the degree of 
resistance that develops is of a lesser order than if either agent is used alone. 
Clinical relapse even under continuous treatment for two years has been rare, 
and over 80 per cent of the patients have had their sputum become and stay 
negative for bacilli. A gradual and progressive clearing of pulmonary roent- 
genographice shadows takes place over a period of months to a point beyond 
which stable roentgenographic shadows remain. Tuberculous cavity-forma- 
tions usually are lost to view with shadows of demonstrable size remaining. 
These roentgenographie changes, interpreted on a pathologie basis, are con- 
sidered to represent a disappearance of the reversible pneumonie areas, a per- 
sistence of the necrotic pneumonie lesions and a filling in of cavities. These 
observations apply to patients who previously had not been treated chemo- 
therapeutically. The results obtained in the retreatment of patients is much 
less satisfactory. 

In this series, the effect of long-term streptomycin and PAS on minimal 
lesions has been observed both from a clinical and pathologie point of view. 
In the past, dissatisfaction has often arisen with the treatment of small lesions 
in young medical students, doctors, and nurses who have broken down during 
training and are so commonly sent to one of the sanitoria in the Saranae Lake 
area for treatment. Most of these young people have recovered permanently 
atter a reasonable course of bed rest. However, a fair proportion of them have 
had seeond, third, or fourth breakdowns shortly after they were allowed to 
resume activity and, in spite of a variety of forms of treatment, have continued 
to be patients over a period of five or six years. It would seem logical that by 
doing small resections on these early localized lesions, one might eliminate, 
then and there, the dangerous portion of the infection and prevent these 
spreads and prolonged periods of invalidism. Residual necrotie foci have been 
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Fig. 2A.—A 31-year-old white man who had an acute onset of pulmonary tuberculosis 
in February, 1949, with high fever, toxemia, and acute tuberculous laryngitis. There is a 
large cavity in the apical segment of the right lower lobe, a pneumonic infiltrate, and multiple 
cavities in both upper lobes. Streptomycin and PAS were begun at this time. 

Fig. 2B.—This is the same patient after seventeen months of continuous daily streptomy- 
cin and PAS. Only dense shadows remain, representing necrotic foci and filled-in cavities. 
The pneumonic component has disappeared. 


42.°Sl 


92350 R’ 


Cc. Dd. 


Fig. 2C.—The right lateral view shows the filled-in cavity in the apical segment of the 
right lower lobe and the dense shadows in the posterior segment of the right upper lobe where 
there previously were multiple cavities. 

Fig. 2D.—Bilateral resection has been completed. Three segments and one wedge were 
removed on the right. On the left, three large wedges were removed. The right phrenic was 
inadvertently divided at operation. He has had ten negative sputum cultures postoperatively. 
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found in each patient operated upon for a minimal lesion, and tubercle bacilli 
have been shown to be present in each lesion despite repeated negative gastric 
and sputum eultures. 

SURGICAL APPROACH 


Surgical intervention is timed to the individual patient. Disappearance of 
bacilli in sputum and the establishment of stationary roentgenographie picture 
is awaited. Advancement of the date of operation is unnecessary in the fear 
that resistant organisms may emerge in large numbers or that the benefit of 
chemotherapy may be lost before surgery is instituted. To locate and evaluate 
lesions prior to surgery, serial roentgenograms, lateral and oblique views, and 
planigrams are studied. 


A i: 
STR? @- ji-se - 11-2 1- 


mt. 


Fig 34.—This is a 40-year-old nurse who contracted minimal tuberculosis in 1938. She 
has Ret: g four breakdowns in thirteen years and has gradually pecomee worse. She has cavitary 
disease on the left side. 


Fig. 3B.—This is following wedge resection on the right side. This is the only patient 
in the series in which the streptomycin course was interrupted. Wedge resection was per- 
formed on the left upper lobe on Feb. 9, 1951. 


At exploration, the entire lung is carefully palpated to determine the 
amount of excision that is necessary. The necrotic lesions are easily detected, 
even if they are only a couple of millimeters in diameter. Usually filled-in 
cavities are easily palpated, although thes€ may not be as firm to the touch 
as unsloughed necrotic foci. Commonly the lung feels normal in large areas 
which previously had shown extensive roentgenographic shadows. , Little dif- 
ficulty has been encountered in locating lesions which were indicated by roent- 
genographic shadows; however, it has not been unusual to find significant 
lesions which were not suspected from study of roentgenograms. 

The amount of lung tissue to be excised is determined after a complete 
palpation of the lung has been made with the preservation of a maximum 
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 tuAeces 


A. 


Fig. 44.—This is a 27-year-old physician whose tuberculin became positive at this time. 
It had been negative less than a year previously. No abnormal shadow was seen in the 
roentgenogram. 

Fig. 4B.—An abnormal shadow was first noted at the right apex at this time. 


C. dD. 


Fig. 4C.—This is a magnification of the previous film showing the lesion at the right apex. 

Fig. 4D.—A wedge of necrotic tuberculosis (minimal lesion) was removed from the apex 
of the right upper lobe. The patient received four months of streptomycin and PAS pre- 
operatively, and four months of both drugs postoperatively. Since Jan. 1, 1952, he has been 
working full time as a resident physician. 
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amount of functional lung being carefully considered. Usually only wedges 
of lung are resected, although on oceasion the removal of an entire lobe or a 
lung may be necessary. Some patients have many small nodules scattered 
throughout a lobe or a lung and, in sueh instance, one hesitates to sacrifice so 
much healthy lung parenchyma. The nodules located in the superior portions 
of lobes are resected, usually by wedge resection, because they are located in 
the vulnerable portions of lobes.t. Wedges may be removed from other parts 
of the lung if numerous nodules are present in the area. In any location, le- 
sions over 0.5 em. have been removed singly. As many as nine wedges have 
been removed from the same patient. Minute lesions in the lower portions of 
lobes are left undisturbed on the pathologie basis that there is a strong tend- 
eney for small necrotic lesions in such loeations to heal. 

The surgical technique in itself is simple. The wedge to be resected is out- 
lined, the pleura is incised a short distance beyond the disease area, and the 
ara is excised en bloc. Sutures are applied to bleeding points and bronchial 
leaks. Usually the large bronchus at the ‘apex of the wedge has appeared to 
be normal and is easily ligated. In most instanees, no effort has been made to 
pleuralize the raw surface or to elose the detect by approximating the edges. 
However, in a few instances, persistent small bronchial leaks have been con- 
trolled either by placing gelfoam or pleural grafts on the raw surface. Not 
infrequently, the disease may appear too deeply located to allow a wedge resee- 
tion. However, experience has shown that after the segmental vessels and 
bronchi have been dissected out, the diseased area can be lifted away from the 
hilum, and a wedge or subsegmental resection can be performed. 


EARLY RESULTS 


Prior to Feb. 1, 1951, thirty consecutive wedge or subsegmental resec- 
tions have been done with bilateral resections in three patients. The pathology 
in each resected specimen showed necrotic pneumonie lesions and the eavity- 
hearing areas removed showed filled-in cavities with patent bronchial com- 
munications. Otherwise there were areas of scarred tissue with extremely 
little evidence of unhealed nonnecrotie pneumonie lesions. The bronchi at 
the resected end of the wedge have showed little evidence of disease other than 
some lymphoeytie infiltration of an intact mucosa. Tubercle bacilli have been 
demonstrated in one or more necrotie lesions in every ease, although not in all 
lesions. Patent bronchial communications with some necrotic lesions were 
demonstrated microscopically, although they were not found macroscopically. 
Two hundred three postoperative cultures-of sputum or fasting gastric con- 
tents for tubercle bacilli have all given negative results. There has been little 
change in the eardiorespiratory reserves postoperatively, as compared to pre- 
operative findings. Nearly all have had preoperative and postoperative pul- 
monary funetion studies. No postoperative tuberculous complications have 
arisen. No complications of any sort have occurred in the four patients with 
minimal disease. As a rule, the postoperative course has been benign. At 
present, all patients are in excellent physical condition. The following is a list 
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of complications that have been encountered and that one might expect to 
oceur following the surgical procedure used : 
Number of Operations 30 
Hemothorax requiring postoperative evacuation ] 
‘* Atelectasis’’ requiring bronchoscopic evacuation 1 
Division of phrenie nerve (inadvertent ) 1 
Wound infection 0 
Empyema 0 
Bronchopleural fistula 0 
Increase of pulmonary tuberculosis 0) 
Total 3 (10%) 


CONCLUSION 


It is fully recognized that these early results give only a part of the pic- 
ture, and that a lapse of five years may be necessary for the story to be com- 
pleted. It is not claimed that this approach to the surgical problem of the 
tuberculous lung will eradicate all of the pulmonary disease; however, it is 
anticipated that the small lesions left behind will cause no further trouble. 
There is maximum conservation of normal functioning pulmonary parenchyma. 
However, if this approach to the problem does not yield results superior to 
other accepted methods of treatment, then it can be definitely concluded that 
pulmonary tuberculosis is not a disease that can be controlled by surgical 
excision. 

ADDENDUM 

Feb, 18, 1952. Follow-up to date reveals no clinical or roentgenologic relapse in this 
series. One patient has had two positive sputum cultures since operation. He had received 
previous courses of streptomycin. 
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When this paper was presented at Atlantic City the section in the text on Pathology 
was omitted due to time limitation’ The following discussion by Dr. Welles was put in 
to clarify the pathologie concepts on which the surgery was based. 

The slides referred to in Dr. Welles 


discussion are color plate Tllustrations IT and TT. 
DISCUSSION 

DR. EDWARD 8S. WELLES, Saranac Lake, N. Y.—I am sorry Dr. Medlar is not here 
to discuss the pathogenesis and the pathology of tuberculosis. Most of us probably feel 
that we understand the pathology of tuberculosis thoroughly, but I have had to change my 
way of thinking about it since associating with Dr. Medlar, and possibly I can explain his 
thoughts to you. 

We have been taught in the past that the process is the invasion of the lung by 
tuberele bacilli, followed by acute inflammatory reaction with invasion polys which are 


later replaced by lymphocytes and giant cells; caseation can occur in the center of a lesion 
and then be replaced by the infiltration of fibroblasts and formation of a scar. The trouble 
with thinking about tuberculosis in that way is that that happens in microscopic lesions and 
the demonstration of that process which has been shown so well by many pathologists and 
which was taught for years by Dr. Leroy Gardner, is that the demonstration was made with 
a microscope. All that picture can be shown in the microscope. But Dr. Medlar has shown 
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The following illustrations are from tuberculous lung tissues which were surgically re- 
moved. They_were selected to portray the different phases in the pathology of pulmonary 
tuberculosis. Illustrations V and VI were from the lesions shown in roentgenograms Figs. 3A 
and 3B. Illustration VII is from the lesion represented in roentgenograms Figs. 44, 4B, 4C, 
and 4D. Roentgenograms from the other illustrations are not shown. 


" Illustrations I, II, V, and VI are enlarged five diameters, III and VII are enlarged seven 
diameters, IV is enlarged thirty diameters, and VIII is enlarged fifteen diameters. 


Illustration I.—This illustrates an area of “nonnecrotic” tuberculous pneumonia that is 
composed of “epithelioid” tubercles and of areas of lobular pneumonia without evidence of 
necrosis, other than microscopic areas, either of the lung framework or the inflammatory cellular 
reaction. This is the “reversible” phase of the pathology of pulmonary tuberculosis and rep- 
resents the disease which “clears” roentgenographically during ‘“‘bed rest,” pneumothorax, or 
proper chemotherapy. 


Illustration II.—This illustration shows a “necrotic” or ‘‘caseous” tuberculous pneumonia 
of about the same size as in Illustration I. This is the “irreversible” phase of tuberculous 
pneumonia. This phase of the disease remains after “bed rest,” pneumothorax, and chemo- 
therapy, and constitutes the hazard of “relapse” of the disease after ‘clinical’ recovery. It is 
this type of lesion which gives rise to cavity formation if it softens up and sloughs through 
the bronchus which connects with the necrotic area. In this particular lesion no bacilli were 
found however in many lesions which are morphologically identical bacilli are often present in 
large numbers. This lesion is an endobronchial dissemination or metastasis and was present 
in the lower posterior portion of an upper lobe. 


Illustration III.—This illustration is from the apical area of the same lobe as the lesion 
in Illustration II. There are five small ‘necrotic’? pneumonic lesions present. One of these 
small lesions showed large numbers of bacilli. Since the superior portions of pulmonary lobes 
are the most vulnerable portions of the lung in tuberculosis, lesions of any size in these regions 
should be excised when palpated on exploration of. a lung. Both size and location of lesions 
need to be considered in the decision of excision. 


Illustration IV.—This old necrotic lesion was removed from a patient who had been 
known to have pulmonary tuberculosis for eight years, and who had had four separate hospital 
admissions. Before surgery the patient had been on continuous combined streptomycin and 
PAS for over a year. The lesion illustrated measured only three millimeters in diameter and 
was not visualized in roentgenograms, but was easily palpated at operation. This represents 
one of the small local excisions commonly made. Note the bronchus connecting directly with 
the necrotic area and having necrotic debris within its lumen. The bronchial lining epithelium 
is normal up to the point at which it abuts upon the necrotc area. A peripheral zone of well- 
formed fibrotic tissue surrounds the necrotic area except at the point of bronchial connection. 
This is a common situation and is the principal factor which allows pulmonary tuberculosis to 
be an unpredictable disease that has a strong tendency to relapse. Bronchi commonly are 
plugged by necrotic debris but rarely are obliterated by scar formation across their lumen. 


Illustrations V and VI.—These two illustrations are from the two lungs of the same 
patient. Illustration V shows the pathology found in a “wedge” resection after combined 
streptomycin and PAS had been in effect for one month. Both “nonnecrotic” and “necrotic” 
areas of tuberculous pneumonia are present. Illustration VI shows the pathology present in a 
“wedge” resection from the opposite: lung after combined streptomycin and PAS therapy had 
been in effect for six months. During this time considerable “clearing’’ of roentgenographic 
shadows had occurred in the area from which the ‘wedge’? was removed. In this section only 
“necrotic”’ lesions and some scar formations are present. The lesion represented in Illustration 
V had shown a stationary roentgenographic shadow for five years. Tubercle bacilli were 
demonstrated in necrotic lesions on both sides, both in tissue section and by culture. Although 
this patient had had four relapses over a period of twelve years, tubercle bacilli had never 
been demonstrated in the sputum. 


Illustration VII.—This illustration is a cross-section of a small wedge of lung tissue 
removed from a patient with “minimal” pulmonary tuberculosis. The patient first reacted to 
tuberculin in 1947, and showed a small shadow in the area resected in 1948. The shadow per- 
sisted after one year of “bed rest’ therapy and an additional four months of combined strepto- 
mycin and PAS therapy. The wedge of lung removed measured about 2.5 cm. across. Serial 
section of the entire specimen showed the presence of six separate lesions—two of which were 
largely scar tissue and the other four were similar to the lesions in the illustration. In one 
of the scarred areas was an organizing old necrotic focus which was interpreted as the initial 
necrotic lesion from which the others were disseminated. The three lesions in the illustration 
show a peripheral organizing zone of granulation tissue and a central “core’’ composed in 
large part of neutrophiles. Tubercle bacilli in small numbers were found in the exudate in these 
lesions but were not found in the scarred areas. Only an occasional epithelioid tubercle and 
giant cell was found in the serial sections. 


Illustration VIII.—This illustration is from a small wedge of lung tissue removed from 
a patient with a history similar to that of the patient illustrated in Illustration VII, with the 
exception that the date of conversion to a reactor to tuberculin was not known. Also this 
patient showed an increase of disease near the end of his course of bed-rest therapy. He was 
then started on combined streptomycin and PAS therapy and after five months of this treat- 
ment the roentgenographic shadows had receded to their original size. The specimen removed 
contained two fibronecrotic foci which measured about three millimeters across and a larger 
lesion which measured six tenths by one centimeter. The largest lesion was serial sectioned 
and the illustration from one level of the serial sections. This lesion proved to be a minute 
cavity formation partly filled with necrotic material and it also had a patent bronchial com- 
munication. An occasional tubercle bacillus was found in the necrotic contents of the cavity. 
At one side of the larger lesion is seen a fibronecrotic focus which measured less than two 
millimeters across and which had a small calcific center. At another level this old focus 
becomes an integral part of the larger lesion and it seems probable that this was the source 
from which the larger lesion had its origin. This clearly portrays the complexity frequently 
encountered even in small and seemingly insignificant tuberculous lesions. 
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over the years that there are definitely two types of tuberculous processes in the lung. If 
a lobule of the lung is invaded by a relatively small number of tubercle bacilli, and their 
virulence is not too high, tuberculous pneumonia occurs. If another lobule is invaded by 
an overwhelming number of bacilli, or very virulent bacilli, the tissue is killed and necrosis 
occurs, and these necrotic areas can be of almost any size. 

(Slide.) (Color plate I.) This is the typical lobule full of tuberculous pneumonia. There 
is no destruction of tissue except in small microscopic areas. You will get a better idea of 
the lesions Dr. Ryan showed if I tell you the size of these. None of the colored slides shown 
by Dr, Ryan, and neither of these, is a magnified microphotograph; they are sections. This 
is an actual section of the lung, and the size is about one centimeter vertically by two 
‘entimeters horizontally. This is a reversible lesion. Under rest treatment this lesion can 
go on and heal and leave practically normal lung. Under antibiotic treatment it will heal 
and disappear and leave a clear shardow in the roentgenogram. At the present time this 
lesion leaves a solid shadow in the film which is indistinguishable from the lesion shown 
in the next slide. 

(Slide.) (Color plate II.) This is almost identically the same size lesion, about one 
centimeter by two centimeters—as large as the joint of my thumb. There is no magnification 
here except what is given by the projector. This is a necrotic, destroyed area that cannot 
return to normal under rest treatment, under pneumothorax, under antibiotic treatment. Fibro- 
blasts cannot work into this lesion from the capsule, replace the necrotic caseous material, and 
turn this lesion into a scar. I have had arguments with pathologists—‘‘ We have seen this 
fibrosis take place in necrotic lesions.’’ I remind them that they have seen that happen 
under the microscope, but have not seen it happen in lesions as big as the end of my finger 
like this one. The only way this lesion can disappear is by liquefying, emptying out, 
through its bronchus, which is there and open. That can happen without spread of tubercu- 
losis if the material is all coughed up; or it can produce spread as it is liquefied. If it 
liquefies, empties out, becomes then a thin-walled cavity, the walls can fall together and it 
can become a scar. 

These are the lesions left after long-term antibiotic therapy. These are the ones we 
are removing and these are the ones we are finding in minimal disease and taking out, 
hoping that we will prevent recurrence over and over again in these young people. 

(Slide.) This is a diagram that Dr. Ryan drew to show that the connection of the 
bronchus to the necrotic lesion is present, but the finding of it and showing it in the sec- 
tion is a matter of luck. We have often been told by the pathologists that a lesion is 
completely encapsulated. If the section is cut where the vertical line is you will find, as 
you saw in many of Dr. Ryan’s sections, a completely round encapsulated lesion with a 
rather thin capsule all the way around it. Obviously it has no bronchial connection. Ob- 
viously it is safe. However, if. the section of the same lesion is made in the direction of 
the slanting line or horizontally at the level of the bronchus, the bronchial connection is 
immediately apparent. As Dr. Ryan said, bronchial connections, by careful examination by 
the pathologist, have been demonstrated in practically all these lesions when he took the 
trouble to look for them. 

I simply hope this will give a better picture of our conception of the pathology, when 
the criticism and discussion start. 

DR. JEROME HEAD, Chicago.—During the past few weeks, in my spare time, I 
have been reading Oswald Spengler’s Decline of the West. He gives as an inclination of 
Jeclining civilization the development of virtuosity without a solid basis in reality. I mention 
this because I feel that as clinicians and surgeons there is a danger that we are giving way 
‘o such virtuosity; that we are turning our clinical functions over to the pathologist and bac- 
eriologist. If the bacteriologist by the most delicate methods can culture a single tubercle 
acillus from a patient’s gastric washings, we are argued into believing that the patient is 
'l and in need of the excision of something—perhaps a segment of his lung, perhaps a whole 
ing. We must ask ourselves seriously if the patient with an occasional positive culture on 
-astrie wash following thoracoplasty is a menace to his associates or a menace to himself. Is 

ich a finding an indication for pneumonectomy? I do not believe so. 
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Similarly, is a patient on whom the pathologist can demonstrate a walled-off focus of 
tuberculosis or a minimal tuberculous infiltrate which has not healed entirely in the center, 
clinically tuberculous or clinically threatened? I do not believe so. I believe that we must 
insist on our rights as clinicians and that in these matters we must refer to experience and 
statistics. 

At Edward Sanatorium, 98 per cent of the patients who entered with minimal tubercu- 
losis were well five to ten years after their treatment with bed rest or pneumothorax. Our 
results on all the patients who are discharged as arrested show that 85 per cent are well from 
five to ten years after their discharge. In other words, our over-all recurrence rate is between 
10 and 15 per cent. In view of these statistics, I do not feel that we must surgically eradicate 
every shadow that appears on the roentgenogram, What Dr, Medlar has shown and what 
Dr. Ryan and Dr. Welles are pointing out, is that we arrest tuberculosis, we do not cure it. 
After all, what we are after is people who, after treatment, are clinically well and who remain 
clinically well. I am not at all interested in people who are bacteriologically pure or patho- 
logically beyond eriticism. 

In saying this I do not mean that this paper is not worth while. It is probable that 
we will find that certain very large infiltrates are so dangerous as to warrant their resection. 
But to proceed from this to argue that every infiltrate should be removed is, in my opinion, 


a tendency toward virtuosity. 


DR. ROBERT G. BLOCH, Chicago.—To follow up Dr. Head’s remarks, I take the 
Decline of the West for granted but not the decline of tuberculosis. One of the reasons for 
this is the very type of lesion which Dr. Ryan and Dr. Welles discussed. The so-called 
early reinfection lesion in a majority of cases proves to be pathologically further advanced 
than is frequently thought. Any sharply circumscribed shadow of moderate or little 
density, if it is proved to be tuberculous, can be assumed to be a caseous focus. As such, 
it is a potential cavity or, in fact, it is a cavity which as yet has not found communication 
with the bronchial system or where that communication is temporarily blocked. These 
early reinfection caseous tuberculomas remain the residual problem in tuberculosis, al- 
though as time goes by most or all of the involvement emanating from them through the 
years may heal satisfactorily. It is this residual tuberculoma and potential cavity which 
poses the essential problem. It is justified to make it one of the aims of surgical attention 
as the authors have done, but I agree with Dr. Head that it should not be necessary to 
excise all these lesions. Enough circumferential fibrosis can occur to render them clini- 
eally innocuous. If the central caseation is small enough, calcification may eventually oceur 
to result in pathologie healing. 

This discussion involves the question of what we should call active tuberculosis. 
Active tuberculosis is generally conceived as an involvement which is undergoing changes 
in either direction. This would imply that lesions which fail to do so over a period of 
time should be called arrested. I believe this is a fallacy and dangerous; any of these 
so-called arrested lesions which contain caseous material, the breeding place of organisms, 
is so highly potentially active that to term it as arrested and to send the patient back into 
active life with that classification is likely to lead to misunderstandings about the further 
possibilities of the course of the disease. Lesions, therefore, which assumedly are caseous 
tuberculomas, should be classified as ‘‘potentially active.’? On the other hand, the sound 
caution, which is always indicated in judging tuberculosis as healed, has induced the au- 
thors of the newly republished Diagnostic Standards and Classification of Tuberculosis to 
omit the terms ‘‘healed’’ or ‘‘cured’’ entirely. According to this classification, there- 
fore, the disease is not curable. I should like to go on record as objecting strenuously to 
that concept, which I believe to have originated largely from the very region from which 
the authors of this paper hail. We must steer clear of the dangers of overclassification, and 
provide leeway for a variety of interpretations based on the merits of each individual 
ease. Let us avoid standardization in all aspects of medicine. One of the discussors of 
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the first paper this morning demanded standardization of surgical technique in tuberculosis. 
[t was one of the most horrible words I ever heard at a medical meeting. Once we reach 
the point where we want standardized concepts and technique, we will have reached the 
end of progress. 


DR. FRANK B. BERRY, New York.—I think anyone who has followed this work of 
Dr. Medlar, Dr. Welles and Dr. Ryan carefully, and who has seen their results and talked 
vith them, cannot but be convinced of its soundness and correctness. The lesions you saw 
m the films and later the sections as shown you by Dr. Ryan, were the residua. They 
were demonstrable residua of caseous foci, and we all know that caseous foci break down 
ind are a danger; they liquefy and discharge through a bronchus as Dr. Bloch has just 
‘old you. The physician whose small apical lesion you saw has come under discussion be- 
fore, at meetings which I have attended. But I am sure that if it were your lesion and you 
knew it had not changed for more than a year, and you were walking around with a 
saseous focus, I am sure you would feel better without it than still carrying it with you. 


DR. WARRINER WOODRUFF, Saranac Lake, N. Y.—I am on my feet because I 
have been following this work closely and, to my mind, this is one of the most important 
papers dealing with tuberculosis to which I have had the privilege of listening in this 
Association. I think it represents a fundamental change in concept. Many of the papers 
we have presented and listened to have been primarily papers on technique. There is still 
a place for that. Obviously, technique is a very important part of this work. When the 
authors can present twenty-five consecutive cases of excisional surgery in pulmonary tuber- 
culosis, with no mortality and this low morbidity, that is excellent technique; but I think 
far more important than that is the change in thinking. In the past our goal has been 
to arrest the disease and enable the patient to live with it. Dr. Pannier, in his discussion 
this morning, told of the number of late thoracoplasty deaths from tuberculosis. Any of 
you in sanatorium work know that, in any series of admissions in any sanatorium, a con- 
siderable number are repeaters. The young doctor whom they were discussing this morn- 
ing—I do not know his identity—is an example, but we have all seen patients who, at one 
time in the course of their disease, have had a lesion no larger than his. Many permanently 
arrest their disease, but others we have watched break a second, a third, or a fourth time. 

If it is possible to excise the tuberculosis (I realize you eannot get rid of all the 
bacilli) allowing the body defenses to take over from that point; if, over a period of years 
it can be shown that the relapse rate is far less than by our present method of treatment; 
then I think this is going to be a very valuable contribution. When this work was started, 
[ was just as skeptical as Dr. Welles about what could be accomplished. We have listened 
to Dr. Medlar, we have seen the sections, we have seen the results; and I think most of us 
who have been following it for some time can be classified as converts. It remains to be 
seen whether subsequent events will justify our optimism. 

There is just one other thing I should like to point out—and I think most of us have 
been struck by it—namely, the conservation of pulmonary function in Dr. Ryan’s cases. 
One of those he presented had a preoperative maximum minute ventilation of 190 liters 
ind, after multiple resections on both sides, this patient still had 172 liters. That is ex- 
remely high. He presented several others with similar findings, but not as high as this one. 

These findings are in contrast to the loss of function following thoracoplasty, particu- 
‘arly bilateral thoracoplasty when loss is likely to be extreme. Even in resection I am sure 
we have all sacrificed too much functioning lung tissue. Several years ago I performed a 
pneumonectomy for tuberculosis, and in retrospect I am sure that was too much, and even 
\ lobectomy would have been too much. It is entirely possible that a segmental, or even 
 Subsegmental or wedge, would have been sufficient; yet I have seen this same mistake 
made elsewhere. I am sure many of us in the past have erred by sacrificing far more lung 
than necessary, both by collapse and by excision. 

In summary, this work holds great promise, and if the late results are comparable to 
the early results, it may revolutionize our thinking on the treatment of tuberculosis. 
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DR. EDWARD J. O’BRIEN, Detroit.—I am very much impressed with this paper 
and, as a matter of fact, I am somewhat of a convert myself since listening to it. What 
impressed me was the fact that antibiotics and collapse have been used for a considerable 
period before resection. The tendency, in many clinics, is to resect every lesion as soon 
as it is seen, although a lot of them, we know, do get well and stay well with antibiotics 
and collapse; but if, after a course of treatment, lesions are standing still or getting worse, 
I think they should be resected. So-called repeaters should also be resected. One of my 
greatest hopes is that I may live ten years so that I may see some of this chaos cleared up. 
Right now it is difficult to get a patient out of a hospital or sanatorium without resection 
of some sort. The medical men have become very bloodthirsty. You have to be quick on 
your feet to get a patient discharged with his lungs intact. We, and others, have had a 
large number of patients get well in the past with only collapse measures, and I am sure 
will again in the future, but there is such a wide divergence of opinion at present that the 
situation is chaotic. Opinions vary from resecting every lesion as soon as it is seen, to 
collapsing a whole lung, and adding paraftin and other packs. If a small caseous center 
is always going to be such a menace, it is difficult for me to understand how an extensive 
lesion, that has been collapsed by thoracoplasty, ete., can become healed so frequently, 
and the patient remain well. We shall have to find a middle ground somewhere, and I 
think we shall. Medlar’s contribution is one of the finest I have heard before this Asso- 
ciation, and I think we should take it very seriously. However, I do not believe we shall 
become as radical as many of the medical men are at the present time, and take out every 


lesion as soon as we see it. 


DR. LEO ELOESSER, San Francisco.—May I ask Dr. Ryan whether his patients, at 
the end of these resections, turned tuberculin-negative? 


DR. RYAN (Closing).—I would like to thank all the discussors. In answer to Dr. 
Eloesser’s question, we have not been testing these patients, but we are certainly going 


to do so, especially those with minimal lesions; we are going to make tuberculin tests on 
them in the near future. 

With regard to the relapse rate in minimal tuberculosis, our experience is much dif- 
ferent from that of Dr. Head. Dr. Roger Mitchell recently studied all the patients dis- 
charged from Trudeau Sanatorium in the past seventeen years with minimal tuberculosis. 
More than 30 per cent of those patients have relapsed. 
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A STUDY TO DETERMINE THE EFFECT OF PREVENTION OF OVER- 
DISTENTION OF THE REMAINING LUNG TISSUE ON THE 
ELEVATED RIGHT VENTRICULAR PRESSURES, 
FOLLOWING THE RESECTION OF LUNG 
TISSUE IN DOGS 


BERNARD C, CHARBON, M.D., AND WituiAm E. Apams, M.D. 
Cuicaago, IL. 


ANY investigators have worked on the problems of the lung circulation. 

Tigerstedt? gives in his book concerning the physiology of the circulation 

an extensive report of the many experiments which have been performed since 

about a century ago. It is generally accepted that the lung contains more blood 

during inspiration than during expiration, and least when it is overinflated or 

compressed. The blood flow is the best during inspiration, since the width of 
the pulmonary capillaries is then larger than during expiration. 

Wasson’ gives a brief review of the more recent literature about this 
subject, and it is still agreed that the blood flow through the expanded lung is 
better than through the collapsed one. 

Bjork and Salén® showed in a study that the blood flow through an 
atelectatic area of the lung is continuously decreasing during the first month, 
until practically no blood is passing through the nonventilation part of the 
lungs. At the same time there is no decrease in size of the main branches of 
the corresponding artery. Therefore, the blood flow is thought to be shut off 
in the eapillary bed, which is gradually closing down. 

Removal of lung tissue reduces the size of the pulmonary vascular bed. 
The right heart, therefore, has to work against a higher resistance. As a re- 
sult of this there will be a rise in the pressure in the pulmonary artery and the 
right ventricle. The more reduction of lung tissue, the higher the resistance to 
the blood flow in the pulmonary vascular bed will be, and the greater the strain 
on the right heart. All this has been experimentally proved (among others by 
Carlson and associates‘). 

The resistance in the pulmonary circulation depends on: (1) the number 
of vessels, and (2) the diameter of the vessels. If marked overdistention of 
lung tissue would reduce the diameter of the pulmonary vessels, then it would 
cause an increased resistance in the pulmonary circulation and impose a 
greater strain on the right heart. Prevention of marked overdistention then 
should be considered when lung tissue is to be removed. 

It was thought that marked overdistention of lung tissue would stretch 
the capillaries and thus narrow them, so increasing the resistance and the 
burden on the right ventricle. Prevention of overdistention therefore might 

From the Department of Surgery of the University of Chicago. 


This work has been done under a grant from the Douglas Smith Foundation for Medical 
Research of the University of Chicago. 


Received for publication Aug. 1, 1951. 
341 





342 THE JOURNAL OF THORACIC SURGERY 


keep the vessels in the more normal shape and might cause less rise in resist- 
ance in the pulmonary vascular bed and less strain on the right ventricle. 

Following pneumonectomy right ventricular pressures are increased. If 
overdistention of the remaining lung produces a further increase in right ven- 
tricular pressures, one might conclude that there is more resistance and that 
the width of the pulmonary vascular bed is smaller. 

After these preliminary thoughts the following experiment was _ per- 
formed. 


TABLE I. RIGHT VENTRICULAR PRESSURES IN Mm. Ha Two To THREE MONTHS 
AFTER RIGHT PNEUMONECTOMY 


Plastic sponge 








LEFT LUNG OVERDISTENDED LEFT LUNG NOT OVERDISTENDED 
RIGHT VENTRICULAR RIGHT VENTRICULAR 
PRESSURE PRESSURE 
DOG NO. (MM. HG) DOG NO. (MM. HG) 
36 43/2 821 49/5 
379 48/4 795 38/6 
394 48/8 815 39/6 
436 48/4 602 30/1 
437 53/11 612 46/3 
486 63/8 362 31/4 
388 25/1 
534 22/2 
64 42/4 
966 38/3 


Average pressure Average pressure 36/4 














TECHNIQUE 


Ten healthy mongrel dogs of both sexes, with an average weight of 12 kg., were used. 
A right pneumonectomy was performed with the tissection technique. To prevent overdisten- 
tion of the remaining lung, a plastic sponge,* as used by Grindlay,5 was placed in the right 
thoracie cavity. Following operation the right ventricular pressure was measured at intervals, 
and the position of the mediastinum was checked by fluoroscopy. The pressures obtained were 
compared with those from an earlier experiment in which right pneumonectomies were per- 
formed on dogs, the remaining lung becoming overdistended.4 The results may be seen in 
Table I. It can be seen that the right ventricular pressures in all dogs where overdistention is 
prevented (except 821 and 612) are lower than in the ones with overdistention, the average 
systolic right ventricular pressure being lower by 28 per cent (50/6 and 36/4 mm. Hg). 


*This ‘“Ivalon” plastic sponge derived from formalinized polyvinyl alcohol, was obtained 
from Ivano Inc., Chicago, 
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After these results were obtained, it was thought that some of these dogs would be able 
to tolerate a further reduction of lung tissue, especially since some of the dogs in the group 
with overdistention survived with only the left upper lobe remaining. 

Four months after a right pneumonectomy all ten dogs were subjected to a left lower 
lobectomy. Intrapleural pressures were adjusted to 0 to -14 em. water pressure, and no 
prothesis was used to prevent overdistention during this stage. Right ventricular pressures 
were studied during this procedure. 
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Fig. 1.—Right ventricular pressures during removal of left lower lobe in previously 
pneumonectomized dogs. There were fifteen dogs in the overdistended group; five survived 
more than three days. In the not overdistended group there were ten dogs; all died within 
eighteen hours. Note that in this group the systolic right ventricular pressures are much higher 
after ligation of the artery as compared to that of the overdistended group. 


RESULTS 


At this second stage it was found that at the time of ligation of the pul- 
monary artery branch to the left lower lobe an immediate increase in the 
right ventricular pressure occurred that was much higher than in the dogs of 
Group I where overdistention was present, as can be seen in Fig. 1 and 
Tables III and IV. 
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REMOVAL oF ALL LuNG TissuE Except Lert Upper LOBE IN STAGES WITH 


OVERDISTENTION OF REMAINING LUNG TISSUE IN THIRTEEN DoGs. PERIODS OF 
SURVIVAL AND CAUSES OF DEATH 








DOG NO. 


SURVIVAL TIME | 


CAUSE OF DEATH 





4 
36 
379 
394 
436 


437 
486 
593 
256 

26 


104 
999 
909 


2 hours 

Longer than one year 
2 hours 

16 hours 

1 hour 


3 days 
2 weeks 
18 hours 
6 hours 
1 hour 


2 hours 
5 weeks 
14 days 


Cardiorespiratory failure 

Sacrificed 

Cardiorespiratory failure 

Cardiorespiratory failure 

Embolus, caused by blood transfusion 
through cardiae catheter 

Bronchopneumonia 

Sacrificed (was in excellent condition) 

Cardiorespiratory failure 

Cardiorespiratory failure 

Ilematoma right heart, caused by cardiac 
catheter 

Cardiorespiratory failure 

Bronchopneumonia 

Spontaneous pneumothorax 





III. RigHt VENTRICULAR PRESSURES IN Mm. He. Lerr Lower LoBectoMy IN Dogs 
HAVING Previous RIGHT PNEUMONECTOMY. OVERDISTENTION OF REMAINING 
LEFT UPPER LOBE 


DOG 
NO, 
4 
36 
379 
394 
436 
437 
486 
593 








| 
DOG | DOG 
| AWAKE | ASLEEP 


ON 


ANES. | 


MA- 
CHINE 


| CHEST | 
| OPEN 


| ARTERY 


Iso- 


ARTERY | 


LATED | TIED 


AFTER 


| LOBEC. 


| 
| CHEST | 
| CLOSED | 


| ANES. 


LIVING 
STOPPED) OR DEAD 





= 40/1 
43/2 45/1-2 
48/4 41/5 
48/8 
48/4 
53/11 


34/17 
58/10 
59/7 
42/2 


43/6 
50/-2 
44/6 
48/4 
40/6 
52/5 
53/6 
41/5 


44/5 
42/4 
46/12 
42/5 
34/12 
38/10 
43/15 
45/6 


45/8 
51/3 
48/12 
48/8 
41/12 
36/11 
46/8 
42/5 


52/12 
80/9 
56/15 
76/15 
54/16 
42/14 
60/9 
53/8 


58/18 
56/9 
52/6 
86/18 
90/11 
72/11 
63/8 
55/8 


54/8 
80/2 
55/6 
73/10 
70/16 
63/8 
68/6 
52/9 


55/8 
80/0 
60/9 
74/12 
63/8 
64/8 
63/8 
53/8 





46/7 46/5 64/8 


Av. 50/6 42/9 45/8 59/12 67/11 +=64/8 





TABLE 1V. RigHT VENTRICULAR PRESSURES IN Mm. He. Lert LOWER LOBECTOMY IN DoGs 
HAVING Previous RIGHT PNEUMONECTOMY. PARTIAL PREVENTION OF OVERDISTENTION 
OF REMAINING LEFT UPPER LOBE 








DOG 
NO. 


DOG 


| 
| 


AWAKE 


ON ANES. 


| DOG 
MACHINE 


ASLEEP 


CHEST 
OPEN 


ARTERY 
ISOLATED 


ARTERY 
TIED 


| 


AFTER 
LOBEC. 


CHEST 
CLOSED 


ANES. 
STOPPED 





821 
795 
815 
966 
602 
612 
362 
388 
534 

64 


48/4 
42/5 
50/7 
39/3 
36/7 
78/27 
40/15 
35/0 
35/3 
19/-1 


34/17 
45/13 
45/5 
30/2 
36/7 
78/27 
40/15 
35/0 
35/3 
50/5 


42/6 
45/9 
52/6 
30/2 
36/5 
74/44 
50/15 
42/10 
40/5 
43/7 


3878 
50/14 
57/9 
30/2 
35/6 
60/45 
50/15 
50/20 
45/10 
51/5 


48/12 
56/10 
56/9 
30/2 
35/6 
68/42 
45/15 
50/720 
45/10 
150/5 


74/16 
78/16 
77/11 
44/6 
55/9 
20/50 
80/15 
70/25 
60/15 
100/5 


90/11 
100/15 
95/12 
67/9 
68/6 
135/55 
62/10 
130/25 
85/10 
106/10 


92/16 
95/15 
90/13 
67/9 
72/4 
145/55 
75/15 
100/25 
85/15 
96/2 


89/10 
92/13 
90/14 
67/9 
73/4 
141/51 
76/15 
100/25 
85/15 
95/2 





~ Av. 


42/7 


43/9 45/11 


47/13 


48/13 


76/17 


94/15 


92/17 


91/16 





All dogs survived the operation and were placed in an oxygen box. Im- 
mediately following operation they appeared to be in fairly good condition. 
All of them, however, developed pulmonary edema of which they died within 


eighteen hours after surgery. 
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At post-mortem examination it was found that pulmonary edema was 
present in all, and acute dilatation of the right heart in some dogs. It was 
also found that the plastic sponge was reduced in size and was covered with 
fibrous tissue. It was very firmly adherent to the surrounding tissues, espe- 
cially the pericardium, and was as hard as a stone. No infections were found. 


DISCUSSION AND CONCLUSIONS 


It is generally accepted that the resistance in the pulmonary cireulation 
is less when the lung is normally extended as it is during inspiration. This 
does not necessarily mean that this is true for a markedly overdistended 
lung, as is the case after a pneumonectomy in a dog. The fact that the right 
ventricular pressure is lower where overdistention was prevented makes us 
believe that overdistention above a certain degree causes higher resistance and 
imposes a greater strain on the right ventricle. 


B. 

Fig. 2.—Roentgenograms of two dogs following right pneumonectomy: A, with subsequent 
overdistention of the remaining lung. 8B, right pleural cavity filled with plastic sponge to 
aga overdistention. Note less shift of mediastinum, with less overdistention of remaining 
After this theory one would expect more surviving animals in the group 

of dogs where overdistention was prevented than in the overdistended group 
where 85 per cent lung tissue was removed and where there were four of 
thirteen animals surviving for longer than two weeks (Table II). The ex- 
pectation was wrong, as all dogs died. The fact that there was no over- 
distention in this group probably is just the cause of death, the pulmonary 
vaseular bed not having had a chance to overdistend gradually, as probably 
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is the case where overdistention is not prevented. (The right ventricular 
pressure came down after several weeks in pneumonectomized dogs where 
vverdistention was not prevented.*) 

If, then, after a pneumonectomy the pulmonary vascular bed is again 
suddenly reduced by more than 50 per cent, the remaining lung tissue (left 
upper lobe in this experiment) does not have enough vessel capacity to trans- 
port all the blood, while in the overdistended left lung the vessels have had 
more chance to increase gradually in size over a longer period of time. 

We believe that 50 per cent reduction of lung tissue and prevention of 
overdistention of the remaining 50 per cent will impose less strain on the right 
heart, but when further reduction of lung tissue is anticipated, overdistention 
might be favorable to give the remaining lung tissue and pulmonary vascular 
bed a chance to inerease in size over a longer period of time, so that at the 
time of the next operation the remaining very small amount of lung tissue is 
able to handle the total blood flow. 

Collapse of a lung by pneumothorax, prior to surgery, to be resected 
should enable the patient to become adjusted to the use of one lung. The bene- 
ficial effects of a pneumothorax given before a pneumonectomy in patients 
might partially be explained by the results of this study. 

The plastic material used in this experiment is not a satisfactory type of 
material to use as a prothesis in the chest, since it causes too many adhesions 
and is too adherent to the pericardium, thus perhaps interfering with the 
heart action. On the basis of these experiments, it would seem to be definitely 
undesirable for use in patients. 

Sinee dogs have an unstable mediastinum, a pneumonectomy will cause 
marked overdistention of the remaining lung. In patients, however, a more 
or less stable mediastinum usually prevents too much overdistention. 

Bilateral lobectomy, however, might very well cause more rise in right 
ventricular pressure because of overdistention of the remaining lobes. Preven- 
tion of overdistention here might be of some help in hazardous eases. It is, how- 
ever, well known that most young patients tolerate a bilateral lobectomy very 
well. 

Rasmussen and associates stated in 1941 after an experimental study: 
‘‘from the above findings it would appear that temporary paralysis of the 
diaphragm is a justifiable procedure in the human being. In bilateral opera- 
tions it seems advisable that sufficient time elapse between stages for re-establish- 
ment of the diaphragmatic function and improvement of the patient’s general 
health.’’ To this might be added: ‘‘and adjustment of the pulmonary vascular 
bed.’’ 

SUMMARY 


1. Approximately 85 per cent of lung tissue was removed in stages in 
ten dogs, while overdistention of the remaining left upper lobe was partially 
prevented by inserting a plastic sponge in the thoracic cavity. The right ven- 
tricular pressures were studied. 
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2. Prevention of overdistention of lung tissue in pneumonectomized dogs 
reduces the amount of elevation in the right ventricular pressure following 
that operation. 

3. Removal of all lung tissue except the left upper lobe caused death of 
all dogs, while in an experiment where overdistention was not prevented some 
dogs survived for weeks, with only the left upper lobe remaining. 

4. The plastic sponge (Ivalon) used in this experiment is not a satisfac- 
tory material to use as a prothesis in the chest, and should not be used in 
patients, since it becomes adherent to the pericardium and might interfere 
with heart action. 
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TECHNIQUES OF ENDOCARDIAL ANASTOMOSIS FOR 
CIRCUMVENTING THE PULMONIC VALVE 


T. J. Donovan, M.D.,* C. A. HurnaGet, M.D.,** anp 
H. H. G. Eastcorr, M.D.*** 
Boston, Mass. 


HE background and rationale for this approach to the surgical treat- 

ment of pulmonic stenosis and atresia have been reviewed in a previous 
publication by one of the authors. It has been pointed out that the nature 
and varying combination of defects in pulmonic stenosis and atresia make a 
direct attack on the infundibular type of stenosis less feasible than a shunting 
procedure.’ ? The latter technique provides a good outflow tract for the right 
ventricle with the least residual derangement in ecardiodynamies. In that 
previous investigation, one end of an homologous vein graft was anastomosed 
to the distal segment of the ligated left pulmonary artery after which the other 
end of the graft was everted over a polyethylene tube and inserted into the 
right ventricle (Fig. 1). These new left pulmonary arteries remained patent 
for two to three weeks, and were then thrombosed. While patent, the vein 
valves functioned to prevent regurgitation, and the shunt delivered blood 
in much the same manner as the original left pulmonary artery. It has been 
found that homologous vein grafts substituted for an excised segment of left 
pulmonary artery remain permanently patent (Figs. 2 and 3). Thus, the tube 
anastomosis at the cardiae end of the shunt is the vulnerable portion from 
the standpoint of thrombosis. 

Since the myocardium partially closes openings in the ventricular wall 
during systole, and because suture anastomoses to endocardium become 
obliterated, a rigid tube of some kind is necessary to hold the ventricle 
open and permit blood flow through the shunt.’ * This rigid tube can be 
designed with a flare approximately perpendicular to its wall to provide im- 
mediate hemostasis when inserted into the ventricle, thus making it unneces- 
sary to interrupt the circulation in completing the shunt. Lining the rigid 
tube with a vein facilitates intima to endocardial healing and presents smooth 
endothelium to the bloodstream. Since the initia] venous-lined polyethylene 
tubes failed to remain permanently patent, various types of rigid tubes were 
substituted. It was hoped that a less reactive material might better the 
anastomosis in much the same manner that Blakemore, by using the relatively 
nonreactive vitallium, improved on Nitze’s ivory rings and the magnesium 
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tubes of Payr.*® The types of tubes used were polyethylene, lucite, teflon, and 
Kel F plastics, and homologous tracheal grafts prepared in three different 
ways. Only the series of venous-lined tracheal and polyethylene tubes will 
be described in this report. The other plastics used with and without venous 
lining will be alluded to briefly but described in detail in another publica- 
tion. 


_., Fig. 1.—Cross section of venous-lined tube in the right ventricle. Left pulmonary artery 
is ligated just beyond the bifurcation of main pulmonary where right pulmonary artery courses 
under aortic arch. Distal left pulmonary artery is sutured to the homologous vein graft as 
depicted. Insert A shows the plastic tube without vein graft. 


MATERIALS AND METHODS 


Preparation of the Vein Grafts——The grafts were abdominal cavae excised from the 
liver to below the renal veins. The donor dog was less than two hours post mortem, and 
about 3 kg. heavier than the recipient, of similar nutritional status, in order to match the 
graft and the left pulmonary artery at the suture anastomosis and to avoid stretching or 
‘‘funneling’’ at the tube anastomosis. The veins were taken with aseptic precautions and 
stored for periods up to seventeen days in solution I at 0° to 10° C.* 


Preparation of the Tracheal Tubes.—The tracheas of recently sacrificed dogs were ex- 
cised 1 em. above the carina and a few millimeters below it on the right- and left-main stem 
bronchi. The medial walls of the bronchi were excised, leaving a semiflexible flare at one end 


*Solution I consists of 85 per cent ‘balanced salt solution, with bicarbonate buffer and 
phenol red indicator, homologous serum 10 per cent, and antibiotics 5 per cent. The formula 
for balanced salt solution, which is similar to Tyrode’s solution, can be found in the publica- 
tion of Pierce and associates.? The antibiotics in the above solution were penicillin 400 units 
per cubic centimeter, streptomycin 2 mg. per cubic centimeter and sulfadiazine 0.12 mg. per 
cubic centimeter. Sulfadiazine was added to insure the sterility of the tracheal grafts stored 
in aoe I. For the vein grafts taken with aseptic technique, the antibiotics were probably 
superfluous. 
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of the tube of trachea. The donor was selected about 6 kg. smaller than the recipient dog 
to match the trachea with the donor vein (chosen as described previously) and to provide 
an ample stoma in the heart wall. The tracheal grafts were prepared in three ways. The 
first group was immersed in a solution of 90 ¢.c. isotonic saline and 10 ¢.c. of 40 per cent 
neutral formalin. After three to twelve hours they were stored in the same solution diluted 
ten times. Twenty-four hours before operation they were washed repeatedly in sterile dis- 
tilled water to remove all but the protein-bound formaldehyde. The second group of tracheas 
was mechanically cleaned with phisoderm and G-11 and after thorough rinsing immersed 
in a solution of 80 ¢.c. of balanced salt solution buffered with 1.4 per cent bicarbonate and 
20 cc, of 1:1000 zephiran and stored in a refrigerator at 0° to 10° C. The third group was 
mechanically cleaned with the phisoderm and G-11 mixture and stored at 0° to 10° C. in Solu- 
tion I, the solution used to preserve the vein grafts. 

Portions of the tracheal and venous grafts were taken for bacteriologie study, while 
other specimens were incubated in tissue culture medium to determine preoperative viability. 
Each bacteriological specimen was thoroughly washed in sterile distilled water to remove 


antiseptics and antibiotics. 


Fig. 2.—A segment of homologous vena cava substituted for an excised segment of left 
pulmonary artery. Proximal suture line is at one centimeter on the ruler; distal anastomosis 
at three centimeters. Note smooth endothelial lining of the graft and suture lines at twenty- 
seven days postoperatively. 


Preparation of the Polyethylene Tubes.—Stock tubing of 11 mm. inside diameter and 
12.5 outside diameter was cut into lengths of 14 mm. and one end flared with a hot die. A 
few millimeters from the opposite end a groove was made around the circumference. The 
effective length of the tube from this end to the flare was about 10 mm. or 12 to 14 mm. in- 
cluding the flare. The tubes were sterilized in 1:1000 aqueous zephiran for eighteen hours prior 


to operation. , 

Operative Technique.—The animals were premedicated with 0.6 mg. of atropine sulfate 
and anesthesia induced with sodium pentothal intravenously. Two polyethylene tubes were 
inserted through a size 14 needle into foreleg veins and used for subsequent injections of 
blood, dextrose, or cardiac drugs.8 A rubber tube which fitted a little loosely was inserted 
into the trachea and connected to an Erlanger pump. The latter supplied compressed air and 
ether with valves to modify rate and depth of respiration, the relative lengths of inspiration 
and expiration, and the concentration of ether in the-mixture. 

The dog was placed midway between the supine and right lateral positions. The fourth 
left intercostal space was opened from the sternum to the tip of the scapula, and the fifth rib 
divided at the sternal junction and under the tip of the scapula. The left pulmonary artery, 
freed from the hilus of the lung to the bifurcation, was clamped near the hilus and ligated 
close to the bifurcation. The artery was then divided close to the ligature and cuff reinforced 
with a suture ligature. The distal segment was irrigated, stripped of adventitia, and the end 
cut on the bias when the vein graft appeared slightly large. The graft which had been fixed to 
the tracheal or plastic tube was anastomosed with a continuous everting mattress suture of 
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00000 arterial silk or chromic catgut to the distal end of the divided left pulmonary artery. 
Retrograde bleeding and saline irrigations were used to test the anastomosis and vein graft for 
leaks (Fig. 1). 

The pericardium was then opened along the interventricular septum with a short per- 
pendicular extension to the tip of the right auricle. The right edge of the pericardium was 
marsupialized with several pericardial sutures to rotate the right ventricle to the left of the 
partially overlying sternum. Four epicardial sutures of 00 cotton were then spaced on the 
sides of a rectangle running from the pulmonary conus 2 em. down the ventricular wall and 
about 1 cm. from the septum. Each of the four sutures was spaced equally through the flare 
of the tube or trachea in the appropriate position to provide hemostasis and prevent twisting 
of the vein graft. If the flare or tube was larger than usual a fifth epicardial suture was 
placed parallel to and just below the pulmonic valve perpendicular to the planes of the other 
stitches. This suture was removed if the other four provided complete hemostasis. 


Fig. 3.—Another control graft interposed in left pulmonary artery. Graft was purposely 
made redundant in length but despite angulation was fully patent at autopsy fourteen 
months postoperatively. Angiocardiogram is 9.5 months postoperatively. Arrow points to 
proximal anastomosis partially obscured by tracheal shadow. 


In the first half of the series a Bard-Parker blade was used to make the opening into the 
ventricle. The only two deaths during operation in the series were due to excessively large 
incisions in the heart. New blades of various widths were therefore designed with a cutting 
edge on the end of the blade almost perpendicular to the handle and pointed with a central 
angle of about 115 degrees.* By inserting the blade of proper width perpendicular to the 
heart wall, an incision could be made 2 to 3 mm. larger than the tube diameter which would 
permit the introduction of the tube into the ventricle without resistance and with complete 
hemostasis following insertion. With proper performance of the heart anastomosis, blood 
loss, and trauma were so slight that no grossly perceptible change in contractility or blood 
pressure occurred. If the blood loss was more than 50 ¢.c. it was quantitatively replaced 
through the polythene tubes as rapidly as the heart would accept it without dilatation or 
diminished contractility. If contractility decreased seriously, 10 ¢.c. of 50 per cent glucose 


*The authors are indebted to Rudolph Beaver of The Beaver Mfg. Co., Waltham, Mass., 
for designing and supplying the knife blades for this work. 
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was given intravenously followed by 0.5 ¢.c. of a solution of 1 ¢.c. of 1:1000 adrenalin in 10 
e.c. of 1 per cent procaine. If this dose given intravenously did not improve contractility, 
another 0.5 ¢.c. of the mixture was given into the right auricle. If the adrenalin procaine 
solution had to be given again later, another injection of 50 per cent glucose was made and 
maximal aeration of the lungs obtained to prevent ventricular fibrillation. If ventricular 


TABLE I, SERIES OF OPERATIONS IN SUMMARY FORM 








CONDITION OF SHUNT 
TUBE IN POSTOPERATIVE 


DOG HEART LENGTH OF CAUSE OF CONDITION | AT OP- ROENTGENO- AT 
| ANASTOMOSIS | SURVIVAL DEATH OF DOG ERATION GRAMS AUTOPSY 
Formalin 7.3 months Sacrificed Excellent 2+ 0 
Trachea 
Formalin 4.5 months Sacrificed Excellent 2+ 
Trachea 
Formalin 4.5 months Sacrificed Excellent 3+ 
Trachea 
Zephiran 6.9 months Sacrificed Excellent 
Trachea 
Zephiran Operative Hemorrhage 
Trachea death 
Zephiran Operative Hemorrhage 
Trachea death 
Zephiran 8 days Pneumonia = = 
Trachea 
Zephiran 3.5 months Sacrificed Excellent days—0 
Trachea 
Zephiran 6 days Pneumonia 3 = 
Trachea 
Solution I 3.5 months Sacrificed Excellent days—4+ 
Trachea days—0 
Solution 5.6 months Sacrificed Excellent days—2+ 
Trachea days—0 
Solution 2.6 months Sacrificed Excellent days—4+ 
Trachea days—4+ 
days—3+ 
days—0 
13 Solution I 2.6 months Sacrificed Excellent 3+ days—0 
Trachea 
14 Polyethylene 27 days Sacrificed Distemper 4+ - 
15 Polyethylene 1.3 months Sacrificed Excellent 4+ days—0 0 
Under “condition of shunt” 4+ denotes maximal filling, 3+ indicates good filling of a 
fully patent shunt, 2+ represents definite obstruction to filling, 1+ denotes marked obstruction 
and 0, complete occlusion of shunt. 











TABLE II. RESULTS OF TREADMILL STUDIES ON SECOND TRIAL OF Dogs STOPPED WELL SHORT 
or MAXIMUM EFFORT 








DEGREES OF 
POSTOPER- TYPE OF INCLINATION SPEED TIME ON CONDITION 
ATIVE CARDIAC OF (M.P.H.) OF | TREADMILL IMMEDIATELY AFTER 
INTERVAL TUBE TREADMILL | TREADMILL | IN MINUTES RUN 


3.8 months Formalin 10 4,2 17 Pulse 128. Frisky 
Trachea ra 
2.5 months Zephiran 10 4.2 32 Pulse 136. Strong 
Trachea 
2.0 months Solution I 10 4.3 19 Running easily 
Trachea 
24 days Polyethylene 10 4.3 20 Running well but 
pulse 160 and pant- 
ing rapidly 











Although dog number 15 was too early postoperatively to have developed full strength 
or —" collateral circulation through the bronchial arteries, he ran well without signs of 
exhaustion. 
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fibrillation supervened, manual massage was instituted until the heart could be shocked into 
asystole with a 1 to 1.5 ampere current and the above measures instituted to restore con- 
tractility.® 

The chest was closed in layers with careful attention to the expansion of the left lung 
and the removal of intrapleural air through catheter suction during closure. If the breath 
sounds were diminished following closure, the pleural space was aspirated with a needle, and 
if they were associated with rales and rhonchi the trachea was aspirated and, if necessary, 
bronchoscopy performed. Crysticillin was given for a few days postoperatively. 

Postoperative Observations—Angiocardiography was performed at inter- 
vals postoperatively to determine patency, and function of the graft and tread- 
mill studies were used to evaluate the general cardiopulmonary function. The 
animals were sacrificed under nembutal and histologic study made of the 
significant gross changes at autopsy. 


Fig. 4.—Dog No. 12 on the thirty-fourth postoperative day. A similar film was obtained 
on the forty-third day. Air in the trachea partially obscures the graft (arrow), but patency 
of the shunt and filling of the left pulmonary arterial tree are evident. 


RESULTS 


Toleration of the Operative Procedure——Table I summarizes the results of 
fifteen operations. The two deaths during operation occurred before the use 
of special heart knives to control the size of the heart incision. The two other 
deaths were about one week postoperatively from atelectasis and pneumonia. 
Both followed anesthesias characterized by profuse mucous secretions and 
diminished respiratory excursions during and immediately after operation. 
Preoperative atropine and, if necessary, postoperative suction or bronchoscopy 
have eliminated this complication in forty subsequent cardiac operations. The 
operative mortality in this series including the anesthetic complications would 
be 27 per cent, while the mortality from the cardiac procedure per se would 
be 13 per cent. 

Long-term follow-ups on the surviving animals demonstrated no detect- 
able sign of cardiac dysfunction. Four animals (numbers 1, 8, 11, and 15) 
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were run on the treadmill. The second time on the treadmill the animals ran 
at a 10-degree incline, and at 4.2 m.p.h. for periods within the range of a 
normal dog without signs of exhaustion’ (Table IT). 

Function of the Vein Grafts——Table I shows the condition of the shunt at 
operation on various postoperative days and at autopsy. All the grafts with the 
exception of dogs 1, 2, and 7 filled well at operation, giving a pink lung and 
normal pulsations in the distal left pulmonary artery. The filling of the grafts 
in dogs 1, 2, and 7 was diminished because of tubes too short, too narrow, or only 
partially through the ventricular wall. All the grafts, however, were occluded 
at autopsy with the exception of the two animals that died on the sixth and 
twenty-seventh postoperative days. Roentgenograms taken at various post- 
operative intervals showed one shunt open at forty-three days postoperatively 
(Fig. 4). Although some grafts were open at three weeks, most were closed 
before the end of the fourth postoperative week. 


Fig. 5.—Photomicrograph of the suture anastomosis of dog No. 14 on the twenty- 
seventh postoperative day. Note endothelioid lining of the graft and granulomatous response 
to arterial silk, especially on the narrow or graft side of the anastomosis. 


Autopsy Findings.—In all eases, except the two that died of pneumonia, 
the lungs were pink, crepitant, and expanded. The two exceptions had partially 
collapsed and consolidated left lungs which sank in water. Microscopically 
they showed pneumonia and some agonal pulmonary edema. The left lungs were 
almost always adherent to the intercostal incision, the pericardium, and the 
graft. There was no detectable difference between the reaction to various types 
of preserved trachea and to the pure polyethylene tubes." 1” 

The vein grafts from dogs more than three months postoperative were 
shrunken, and the walls apposed. The graft, patent at autopsy six days post- 
operatively in dog No. 9, showed the early host inflammatory reaction in the 
adventitia. The donor endothelium had disappeared and the reconstruction of 
the intima had hardly begun. This left bare areas of subendothelial connective 
tissue in contact with the blood stream.’* This surface, on gross examination, 
looked reddish and had tiny clumps of fibrin in various areas of the graft. The 
vein graft in dog No. 4, patent at autopsy on the twenty-seventh postopera- 
tive day, showed no fibrin deposition macroscopically, and a firm intimal union 
at the suture anastomosis on microscopic study. The intima became thinner 
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towards the middle of the graft, but was lined for the most part with smooth 
endothelioid cells. The round-cell inflammation of the adventitia had almost 
completely subsided without as yet much fibrous tissue reconstruction. The lack 
of fibroplasia in the adventitia and media plus the disappearance of donor 
tissue in these layers left the wall thin at this stage of healing (Fig. 5). The 
endocardial end of this shunt was typical of most of the venous-lined plastic 
tubes, as reported previously.1. Just inside the intraventricular portion of the 
tube a fibrous constriction of the vein graft reduced blood flow to a minimum 
and would have produced thrombosis distally in a few days (Figs. 6 and 7). 
Histologic sections of this area showed serosanguineous exudate between the 


Fig. 6.—A, Endocardial, and B, epicardial views of the shunt in dog No. 14, twenty- 
seven days postoperatively. The typical fibrous constriction of the graft just inside the tube 
has narrowed the lumen to about 3 mm. in that area and would have precipitated thrombosis 
in a few days. Note well healed suture anastomosis. 
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adventitia of the lining vein and the inner surface of the plastic tube. In addi- 
tion to the marked proliferation of connective tissue, there were small areas 
of necrosis and hemorrhage scattered throughout this portion of the graft wall 
suggesting continual trauma. 

The rate at which the host destroyed the tracheal grafts varied widely 
and for the most part pari passu with the degree of reaction around the silk 
sutures. Although the grafts prepared in formalin had slightly thinner and 
more rigid walls, destruction of the fibromuscular tissue between the tracheal 
rings deformed all the grafts during the first two months postoperatively, 
causing gradual collapse and, in a few, extrusion from the ventricle. This 
extrusion from the ventricle did not occur with the plastic tubes—patent or 
thrombosed. The destruction and removal of the cartilaginous rings was 
notably slow and incomplete at six months or even longer. The cartilage 
cells in the lacunae were shrunken or absent from the outset. The lacunae be- 
came closely packed and confluent as the matrix degenerated and disappeared. 
This left large holes containing the basophilic residue of cartilage undergoing 
phagocytosis by lymphocytes and macrophages. In other areas, round-cell 
invasion and isolation of small fragments of cartilage was followed by or- 
ganization of the acellular matrix by fibrous tissue. 

Bacteriologic and Tissue Culture Studies——The tracheal tubes prepared 
with formalin and zephiran were, of course, sterile and nonviable. Tracheal 
tubes mechanically cleaned with phisoderm and G-11 soap and immersed for 
two or more days in Solution I were likewise free of bacterial growth. Bace- 
teriologie cultures of the latter group of tracheal specimens were positive in 
the few specimens studied, if either the phisoderm and G-11 washing or the 
immersion in Solution I was omitted. Veins taken aseptically and stored in 
Solution I were found to be sterile. 

Vigorous fibroblast proliferation could be seen in tissue cultures of one- 
and two-week-old veins. Veins three weeks or more in Solution I failed to 
show growth in tissue culture. No tracheas prepared in the three ways pre- 
viously described grew in tissue culture. One specimen of trachea washed in 
water and kept in Solution I for ten days showed moderate growth. 


DISCUSSION 

In the previous report it was noted that the dogs that emerged from an- 
esthesia invariably tolerated the new shunt well—patent or occluded. The op- 
erative mortality in those initial experiments was about 50 per cent, although 
the brevity of the series and the continual change in operative technique made 
this figure an approximation. Although the technique is still changing, the 
operative mortality in this series is a definite improvement over that reported 
earlier. The anesthesias in the initial series were intravenous nembutal sup- 
plemented by a mechanical respirator which delivered 100 per cent oxygen but 
did not eliminate the positive pressure during the expiratory phase and per- 
mit adequate collapse of the lungs. In several instances, the resulting hyper- 
capnia and decreased ventricular filling were sufficient to cause death before 
the anastomoses were attempted. In other operations it caused excessive medi- 
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astinal and diaphragmatic motion, thus prolonging the operation as well as 
lowering the myocardial reserve. With intermittent positive pressure air or 
oxzgen fully expanding and collapsing the lung at a rapid rate, the medias- 
tinum and diaphragm ean be kept almost motionless on a light ether anes- 
thesia. This supports myocardial function and facilitates the anastomoses 
greatly. 

The insertion of the intracardiac tube can be done without significant 
blood loss or trauma if the opening in the heart is the proper size, i.e., 2 to 3 
mm. longer than the outside diameters of the tubes. If the knife described 
previously is sharpened regularly and inserted carefully perpendicular to, and 





Fig. 7.—The shunt in dog No. 15, 1.3 months postoperatively. The thrombus extends 
from the constricted area of the graft distally: to within one centimeter of the barely visible 
catgut suture anastomosis. The beginning shrinkage of the graft is typical but the clot usually 
propagates to and involves the silk suture anastomosis. 


completely through the heart wall, the length of the incision in the endocardium 
should be about the same as the width of the knife blade. With four or five 
epicardial sutures spaced properly with both ends through the tube flare, 
hemostasis is assured even when the heart incision is slightly large. The use 
of No. 00 cotton assures tight ligation of these epicardial sutures without 
breakage. 

Except for the two animals that died of postoperative atelectasis and 
pneumonia and another animal with distemper, all the animals surviving the 
operative procedure were healthy and well. The treadmill studies in these 
animals corroborate the previously reported electrocardiographic, roentgeno- 
graphic, and other evidence of normal cardiac function in the presence of the 
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intraeardiae tube and graft. Even without training, conditioning, and max- 
imal effort the animals did an amount of work incompatible with cardiae de- 
compensation or any marked lowering of myocardial reserve. 

The failure of these shunts to remain permanently patent is due to two 
principal factors: (1) the lack of sufficient pressure gradient on ligation of 
the left pulmonary artery, and (2) the intrinsic weakness of the venous-lined 
tube used in the heart anastomosis. It is well established that after ligation 
of one pulmonary artery, the blood flow is shunted to the opposite lung with- 
out significant or prolonged elevation in main pulmonary artery pressure.™* 
The development of collateral circulation through the bronchial arteries to the 
distal left pulmonary artery per se elevates the left pulmonary artery pres- 
sure to half of the normal value, further dissipating the pressure gradient and 
the volume flow through the shunt." 1 1% 17 It has been shown that the Blake- 
more type of anastomosis is inferior to suture anastomosis in preventing 
thrombosis, especially in anastomoses with low pressure gradients.’**! When 
the venous-lined tube is placed in the ventricle, the brunt of the stretching 
foree of each systolic ejection is transmitted to the fixed portion of vein graft 
near the point of eversion over the end of the tube. This area of tension 
thickens and progressively restricts flow until thrombosis oceurs just beyond 
the constriction and propagates distally to the suture anastomosis. Another 
factor favoring constriction of the tube in this area is the collection of sero- 
sanguineous exudate in the space between the adventitia of the lining vein 
and the inner surface of the rigid tube. In the venous-lined tracheal tubes, 
the gradual distortion and destruction of the tracheal graft by host reaction 
is enough per se to occlude the heart anastomosis. 

It is possible to obviate these deleterious factors by attaching the vein 
graft to the outer end of the tube. By using various smooth and water re- 
pellent plastic surfaces for the intracardiac portion of the shunt, it has been 
possible to ligate the main pulmonary artery and permanently divert the en- 
tire cardiae output through the shunt without clotting or untoward changes in 
the cardiae function. This work is being reported in another publication. 


SUMMARY 


A series of fifteen attempts at constructing a new left pulmonary artery 
with venous-lined tracheal and polyethylene tubes resulted in eleven survivals 
which remained healthy and well with the exception of one animal with dis- 
temper. There were two operative deaths from hemorrhage and two post- 
operative deaths from atelectasis and pneumonia, These deaths are con- 
sidered preventable in the light of present knowledge and refinements of op- 
erative technique. Four animals ran on the treadmill at a 10-degree incline 
for distances within the range for normal animals. 

Angiocardiography demonstrated good filling of some shunts as long as 
forty-three days postoperatively, but the majority of shunts were occluded by 
the third or fourth week. The factors causing these thromboses have been 
analyzed, and other types of endocardial anastomoses devised which obviate 
these factors. 
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CONCLUSIONS 


1. With attention to principles mentioned herein, a new left pulmonary 
artery may be constructed in the normal dog with a vein graft and a rigid 
intracardiae tube with a low operative mortality. 

2. The animals surviving the operation will remain healthy—with or with- 
out patency of the shunt. 

3. With venous-lined tubes of homologous trachea or polyethylene, the 
shunts eventually became occluded. This usually oceurs during the third or 
fourth week postoperatively. 

4. The factors causing this thrombosis have been analyzed and described. 


The authors wish to express appreciation to Miss Elnore Hitchcock for assisting in the 
operative procedures. They are also grateful to Dr. John Hanks for his advice and help in 
the preservation of the various grafts and in testing their viability in tissue culture. Mr. 
Rudolph Beaver has kindly supplied the heart knives. 


REFERENCES 


. Donovan, T. J.: The Experimental Use of Homologous Vein Grafts to Cireumvent the 
Pulmonie Valves, Surg., Gynec. & Obst. 90: 204, 1950. 

. Hurwitt, E. S.: An Experimental Approach to the Problem of Increasing the Blood 
Supply to the Lungs, Surg., Gynec. & Obst. 87: 313, 1948. 

3. Gerbode, F., Yee, J., and Rundle, F. F.: Experimental Anastomoses of Vessels to the 
Heart, Surgery 25: 556, 1949. 

. Nitze, F.: Kleinere Mittheilungen Kongress in Moskau, Centralbl. f. Chir. 24: 1042, 
1897. 

5. Payr, E.: Zur Frage der Circularen Vereinigung von Blutgefassen mit resorbirbaren 
Prothesen, Arch. f. Klin. Chir, 72: 32, 1904. 

3. Blakemore, A. H., and Lord, J. W., Jr.: Non-suture Method of Blood Vessel Anastomo- 
sis, Ann. Surg. 121: 435, 1945. 

. Pierce, E. C., II, Gross, R. E. Hill, A. H., Jr., and Merrill, K., Jr.: Tissue Culture 
Evaluation of the Viability of Blood Vessels Stored by Refrigeration, Ann. Surg. 
129: 333, 1949. 

8. Zimmerman, B.: Intravenous Tubing for Parenteral Therapy, Science 101: 567, 1945. 

. Beck, C. S.: Resuscitation for Cardiae Standstill and Ventricular Fibrillation Oceur- 
ring During Operation, Am. J. Surg. 54: 273, 1941. 

. Barger, A. C., Richardson, G. 8., and Roe, B. B.: A Method for Producing Chronic 
Cardiac Failure in Dogs, Proc. Soc. Exper. Biol. & Med. 73: 113, 1950. 

. Donovan, T. J., and Zimmerman, B.: The Effect of Artificial Surfaces on Blood Co- 
agulability with Special Reference to Polyethylene, Blood 4: 1310, 1949. 

2. Donovan, T. J.: The Uses of Plastic Tubes in the Reparative Surgery of Battle In- 
juries to Arteries with and without Intra-arterial Heparin Administration, Ann. 
Surg. 130: 1024, 1949. 

3. Swan, H., Robertson, H. T., and Johnson, M. E.: Arterial Homografts. I. The Fate 
of Preserved Aortic Grafts in Dogs, Surg., Gynec. & Obst. 90: 568, 1950. 

. Underhill, E. W. F.: An Investigation into the Cireulation Through the Lungs, Brit. 
M. J. 2: 779, 1921. 

5. Schlaepfer, K.: Ligation of the Pulmonary Artery to One Lung with and without Re- 
section of the Phrenic Nerve, Arch. Surg. 9: 25, 1924. 

. Miller, W.S.: The Lung, Springfield, Il., 1947, Charles C Thomas, p. 79. 

7. Mathes, M. E., Holman, E., and Reichert, F. L.: Study of Bronchial, Pulmonary and 
Lymphatic Circulation of Lung under Various Pathological Conditions Experi- 
mentally Produced, J. THORACIC SurRG. 1: 339, 1932. 

8. Blakemore, A.: The Portacaval Shunt in the Surgical Treatment of Portal Hyper- 
tension, Ann. Surg. 128: 825, 1948. 

. Johns, T. N. P.: Comparison of Suture and Non-suture Methods for Anastomosis of 
Veins, Surg., Gynec. & Obst. 84: 939, 1947. 

. Blalock, A.: Use of Shunt or By-pass Operations in the Treatment of Certain Cireu- 
latory Disorders Including Portal Hypertension and Pulmonie Stenosis, Ann. 
Surg. 125: 129, 1947. 

. Beek, C. S., Stanton, E., Butiochok, W., and Leiter, E.: Revascularization of the 

Heart, J. A. M. A. 137: 436, 1948. 





FIBROSARCOMA OF THE DIAPHRAGM 
REPORT OF 4 CASE 


PauL D. Crimm, M.D., AND FREDERICK L. KIEcHLE, M.D. 
EVANSVILLE, IND. 


RIMARY tumors of the diaphragm do not occur frequently. A survey of 

the literature’** disclosed thirty-eight fully substantiated cases of dia- 
phragmatie tumors, including the present case, of which sixteen were classified 
as benign, while twenty-two were malignant (Table 1). The benign tumors, 
fibromyomas and lipomas, are the most common, while fibrosarcoma is’the most 
often-reported malignant tumor. 

Of the tumors described as benign, those of Kinsella*® and those of 
Bonamy,” closely resemble the benign phase of the case herein described. 
Kinsella?* reported a 2-pound fibromyoma from the anterior portion of right 
hemidiaphragm, occurring one-half above and one-half below the diaphragm, 
and resembling fibromyoma of the uterus grossly. Bonamy* reported 1,200 
Gm. of fibromyomas arising from the right side of the diaphragm, with one 
large tumor and four smaller ones. Recovery followed the surgical treatment 
in both of these cases. Gale and Edwards” suggest that the tumor described 
by them as ‘‘primary endothelial sarcoma’’ might be benign, and reported 
that histologic opinions obtained from several competent pathologists varied 
widely. This is not an uncommon experience, and illustrates that it is ad- 
mittedly difficult in special cases to draw a sharp line between malignant and 
benign tumors of the diaphragm. 

The patient’s history and clinical course aids in making a diagnosis of a 
mass in the region of the diaphragm. Tumors of the diaphragm caused chest 
pain in ten of the cases, abdominal pain in one, and related pain in another. 
Fullness in the lower chest precedes or accompanies dyspnea, especially upon 
exertion. Edema occurs if there is embarrassment of the heart in advanced 
cases. 

CASE REPORT 

This patient, a white man, aged 60 years, occupation farmer, experienced three attacks 
of illness in the last ten years, all somewhat similar, but differing in several details. Upon 
admission, the chief complaint was pain and fullness of the left chest, shortness of breath, and 
edema of feet and ankles. 

The first attack occurred in 1938 when he was suddenly struck by momentary stabbing 
pains recurring every few minutes, beginning in the abdomen rather deeply, but anteriorly, 
in the left anterior axillary line approximately one-half distance between the costal margin 
and iliac crest, and migrating rapidly up the left side of the chest, over the left shoulder, 
and then down the left posterior chest to reach the point of origin. This attack covered a 
one-week period. Later pains became worse with deep breathing, and severe pain tended to 


center in the ‘‘heart region.’’ He doubted his ability to survive the next pain. Shortness of 
breath rapidly developed, and was especially aggravated by exertion. At the onset he took 


From Boehne Tuberculosis Hospital. 
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strong physic with whiskey for a ‘‘stimulant,’’ and the resultant caused fullness in the left 
chest. Physics such as salts or castor oil were taken every six to eight weeks. He described 
the sensation of fullness during the first attack ‘‘like brickbat in the side, one-half brick high 
and one brick sideways (lateromedially),’’ clearing with slight change in position, thereby 
relieving pain and permitting him to recline. This sensation upon change of position oe- 
curred throughout his first attack. 

The second attack, in 1941, was of one week’s duration. While shucking corn, pain ap- 
peared in the same location, but migrated to the left sacral area. Pain was characterized as 
more continuous and less severe, but was still stabbing in character and required bed con- 
finement. Pain was aggravated in attempting to get out of bed. 

The third attack occurred in 1948. While sitting in church he was seized with a sharp, 
hard pleurisy pain under the left shoulder blade, passing through to the front of the chest. 
It was worse upon deep breathing. Rubbing liniment was prescribed, and the pain shifted 
to the location originally described in first attack, left anterior axillary line midway between 


Fig. 1.—Bronchogram shows extrapleural density in left chest displacing bronchi. 


the left costal border and left iliac crest, and situated moderately deep. After the shift in 
location of pain, some relief was experienced. At this point, the patient described ‘‘vibra- 
tion and blubbering’’ like fluid in the left chest, changing position with posture and motion. 
Later on, edema of the feet and ankles was noticed, and a roentgenogram of his chest was ad- 
vised. 

Past history is negative for any serious illnesses, accidents, or operations. In his family 
history, his mother had died in 1904 with tuberculosis. 

Positive findings of physical examination consisted of: left pupil slightly irregular; 
nasal septum deviated to the left with partial obstruction; thorax symmetrical with restricted 
respiratory movements, along the right margin; the right lung exhibited increased breath 
sounds; the left lung presented dullness at the base, especially anteriorly, with absent breath 
sounds and absent fremitus at the base anteriorly; axillary fremitus was heard on the left 
side. 

Laboratory findings were: W.B.C. 10,900; juveniles 1 per cent, stabs 1 per cent, seg- 
menters 80 per cent, small and large lymphocytes 18 per cent. Sedimentation rate 10 mm. 
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(Cutler method). Urinary findings were negative. R.B.C. 4,000,000, with 76 per cent Hb. 
(Sahli). Blood type A. Aspirated bronchial secretions were cytologically negative for neo- 
plastic cells. 

X-Ray Findings.—Bronchogram (Fig. 1) demonstrated a dense mass in the left lower 
chest reaching the level of the ninth rib and displacing the left lower bronchi superiorly and 
the heart slightly to right. Fig. 2 is a radiograph taken on the sixth postoperative day. The 
diaphragm is outlined. A small quantity of fluid is present. 

Operative Report——A large, rounded, well-encapsulated mass was located on the left 
diaphragm with major fibrous attachment in the form of a short pedicle located postero- 
centrally in an area about 4 by 3 em. and which mass, when separated, left bleeding surfaces 
on both diaphragm and tumor capsule. Pleural adhesions were present laterally and medially 
connecting to diaphragm and to mediastinum, There were large adhesions connecting the 


POST-OP-bRYS 


Fig. 2.—Radiograph taken six days after removal of tumor shows outline of left diaphragm, 
small quantity of fluid, lung re-expanding. 


tumor firmly to the inferior aspects of the lung which appeared and felt atelectatic. The 
tumor was well demarcated and encapsulated. Recovery was uneventful. The patient was 
discharged from the hospital on the sixth postoperative day. 

Gross Pathology Report.——Tumor mass (Fig. 3) measured 15 by 10 by 10 em. and 
weighed 190 grams. Surface was smooth except for areas of pleural and diaphragmatic at- 
tachment and a bosselated area approximately 4 cm. in diameter. Consistency was moderately 
firm and resilient and cut surface exhibited bulging with occasional yellowish degenerated 
areas, tumor being similar in gross characteristics to uterine leiomyomas. It was circum- 
scribed and encapsulated. 

Microscopic Description.—(See Figs. 4 and 5.) Section showed tumor composed of solid 
masses of spindle cells. There was a moderate amount of intercellular substance. The nuclei 
were very numerous. They were of moderate size and of uniform staining. The chromatin 
was evenly dispersed. Mitoses were rare. There was no special architectural arrangement 
beyond tendency of cells to form thick bundles. These cells did not appear especially active. 
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TABLE I 








MALIGNANT 








Sarcoma: 
Fibrosarcomat-5 (present report) 6 Lipoma :20, 21, 22, 23 
Fibromyosarcoma® Fibroma: 
Neurofibrosarcoma? Fibroma24 
Rhabdomyosarcomas, 9 Fibromyoma25, 26 
Leiomyosarcoma10 Rhabdomyofibroma2? 
Myosarecoma!1 Angiofibroma28 
Undifferentiated Myosarcoma!? Neurofibroma29 
Endothelial Sarcoma12 
Round Cell Sarcoma13 
Mixed Cell Sarcoma 
Sarcomals Chondroma :31 
Undifferentiated Sarcoma1é Dermoid cyst :32 
Endothelioma: Cystic tumor :33, 34, 35 
Fibroangioendothelioma1? 
Hemangioendothelioma!s 
Mesothelioma 


Total 


Lymphangioma :30 


te ee et es DD DD 








Fig. 3.—Hemisection of tumor. Blade points to yellowish degenerated area. 


The tissue appeared to be benign. Other portions of tissue were somewhat distorted. One 
area contained many capillary-sized spaces formed of cells similar to those of tumor, and 
here the fibrous nature of the tumor was not so marked. 

Subsequent Course——The patient remained symptom-free, with apparent recovery, for 
one year. Then symptoms began to recur, finally leading to biopsy of recurrent tumor mass 
in June, 1950. This tumor was seen to be larger than a cocoanut, of softer consistency, red 
in color, with increased vascularity as compared to the first tumor. Attachment was extensive 
and confined within the medial half of the diaphragm with definite invasion of that strue- 
ture, whereas the original tumor did not invade the diaphragm. The microscopic picture 
(Fig. 6) was also different with varying degrees of fibrosarcomatous activity in various areas. 
There were no areas as inactive and benign in appearance as was the original tumor. It was 
considered inoperable on exploration. A biopsy showed the tumor to be a malignant fibro- 
sarcoma. Following deep x-ray therapy, the size of the tumor was not greatly altered, but 
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the patient apparently was more comfortable. Subsequent radiograph (Fig. 7) showed the 
recurrence of the diaphragmatic tumor mass, with metastases to both lungs. The patient died 
thirty-four months after removal of the initial tumor. 


COMMENT 


It is perhaps idle to speculate whether these were two separate tumors, or 
the second one a recurrence, with malignant degeneration of the original 
tumor. We might assume the original tumor to be a histologically and ap- 


Fig. 5. 


Figs. 4 and 5.—Photomicrographs showing low (X60) and high (X530) magnification, the 
inactive phase. 
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parently benign leiomyofibroma of the diaphragm which underwent malignant 
anaplasia and degeneration in its recurrence in the form of fibrosarcoma. The 
original tumor, however, was probably a low-grade fibrosarcoma, which be- 
came anaplastic and activated in its reeurrence. 


Fig. 6.—Photomicrograph (530) a ng marked change and fibrosarcomatous activity 
the recurring tumor. 


va 


Fig. 7.—Radiograph thirty-three months after removal of initial tumor, showing the recurrence 
in the diaphragm with metastases, 
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SUMMARY 


1. A ease of fibrosarcoma of the diaphragm is presented. 
2. A review of the literature revealed thirty-eight primary tumors which 
have occurred in this anatomic location. 
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THE REPAIR OF EXPERIMENTAL TRACHEAL DEFECTS WITH 
FRESH AND PRESERVED HOMOLOGOUS TRACHEAL GRAFTS 


ORLAND G. Davies, M.D., J. Matcotm Epmiston, M.D., AND 
H. J. McCorkie, M.D. 
SAN FRANCISCO, CALIF. 


N 1940 Taffel' described the regenerative capacity of the trachea and several 

reports have appeared subsequently in the literature concerning experi- 
mental resection of the trachea in dogs.?* A few reports of attempts to restore 
the continuity of the human trachea have been recorded.*-'° 

It is conceivable that situations that make bridging of defects in the 
trachea desirable may arise in dealing with neoplasms, inflammatory stenosis, 
or trauma in the cervical or thoracic trachea. One difficulty complicating 
anastomosis of the larger respiratory passages is the frequent development 
of strictures postoperatively. At this writing no reports deseribing the use 
of tracheal grafts to repair large tracheal defects could be found in the avail- 
able literature. 

Preliminary experiments were performed on the cervical trachea of anes- 
thetized dogs in order to compare various methods of preservation and inser- 
tion of tracheal grafts. All tracheal grafts were obtained by clean, but not 
strictly aseptic, technique. One series of tracheal grafts were preserved in 
Tyrode’s solution by a method similar to that reported by Gross"! for the 
preservation of blood vessels. A second group of tracheal grafts were 
preserved by rapid freezing in a bath of methyl aleohol and dry ice and kept 
at a temperature of 70° C. below zero. A third group of tracheal grafts were 
preserved in a 4 per cent solution of formaldehyde. A segment of cervical 
trachea containing three to six cartilage rings was excised, and the resulting 
defeet bridged with a homologous tracheal graft. This graft was fixed in 
position with interrupted No. 40 cotton sutures. An attempt was made to use 
a graft which approximated as nearly as possible the diameter of the excised 
segment of trachea. The graft was usually one to two rings longer than the 
section of trachea removed. All animals in this and in the following studies 
received 400,000 units of penicillin daily for five days postoperatively In 
this preliminary group of tracheal grafting experiments the results, shown in 
Table I, were the same whether the grafts were freshly obtained, frozen, or 
preserved in Tyrode’s solution. Within a period of one to three weeks the 
grafted segment became narrowed to the point of complete obstruction. 


; From The Experimental Surgery Laboratories, University of California School of Medi- 
cine. 
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TABLE I. TRACHEAL GRAFTING WITHOUT SUPPORTING TUBE 








METHOD OF 
PRESERVATION AGE OF GRAFT LENGTH OF GRAFT SURVIVAL TIME RESULTS 
1 week rings 22 days Expired 
2 weeks rings 3 days Obstructed* 
Tyrode 10 days rings 24 days Obstructed* 
5 days rings 23 days Obstructed* 
4 days rings 14 days Obstructed* 


Fresh - 3 rings 11 days Obstructed* 


Frozen 11 days 4 rings 11 days Expired 
2 weeks rings 3 days Obstructed* 














*Reoperated. 


Fig. 1.—Creation of tracheal window and insertion of tracheal graft. 


Microscopie examination of these specimens showed disintegration of the 
cartilage and replacement with fibrous tissue. The epithelial lining had dis- 
appeared, and the lumen of the transplanted graft was lined instead with 
chronic granulation tissue. The grafts preserved in formaldehyde were 
sloughed into the lumen of the trachea and were surrounded by a capsule of 
fibrous and granulation tissue. These grafts showed no evidence of being in- 
corporated into the normal trachea. 


From this group of experiments it appeared that, regardless of the method 
of preservation of the graft, postoperative stenosis developed in all instances 
in which no tracheal support was used. 

In a second group of two animals a window was made in the anterior 
surface of the trachea. This defect involved two rings and one-third of the 
circumference of the trachea. A tracheal graft of comparable size and pre- 
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served in serum enriched Tyrode’s solution was sutured into the area with 
interrupted No. 40 cotton (Fig. 1). No intratracheal supportive tubes were 
used in these dogs. 

At the time of autopsy, four and one-half months after operation, these 
grafts were completely incorporated into the trachea (Fig. 2). The cartilage 
had survived, and the inner surface of the graft was covered by epithelium 
(Fig. 3). 

Fig. 


Fig. 3. 


2.—Gross appearance of tr&cheal window graft four and one-half months after 


Fig. 
operation. 


. 3.—Microscopic appearance of tracheal window graft four and one-half months 
after operation. 


In a third group of experiments a method was developed in which an 
aerylie (‘‘lucite’’) tube was used to splint the tracheal grafts inserted into the 
cervical and thoracic parts of the trachea. 

The cervical portion of the trachea was exposed by a midline vertical in- 
cision and a segment of three to four rings of trachea excised. Into this defect 
a tracheal graft containing the specially designed acrylic tube was fixed in 
position with cotton sutures and No. 32 stainless steel wires, as indicated in 
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Figs. 4,5, and 6. It was not necessary to use an intratracheal catheter during 
the grafting in the cervical trachea. These tracheal grafts were preserved 
in serum enriched Tyrode’s solution for one to thirty days, and then implanted 
in seven dogs on eight occasions. In the first four animals the tube was fixed 
in position with No. 32 gauge, stainless steel wire, and became dislodged three 
to seven weeks later. A heavier, No. 24 gauge wire maintained the tubes in 
place in the last four successful cervical grafts. Three of these animals were 
alive and without respiratory symptoms after seven months of observation 
(see Table III). 

Autopsy examination of the one animal sacrificed six months after tracheal 
grafting showed normal lung parenchyma. The acrylic tube remained securely 
in place (Figs. 7 and 8). The grafted segment showed cartilage remaining in 
its wall and complete regeneration of the lining by squamous epithelium 
(Fig. 9). 








Fig. 4. 
Fig. 4.—Insertion of graft containing acrylic tube. 
Fig. 5.—Completion of suture lines. 
Fig. 6.—Stainless steel wires passed through ribbon muscles and tied. 


TABLE II. GRAFTING OF TRACHEAL WINDOWS WITH PRESERVED TRACHEAL GRAFTS WITHOUT 
SUPPORTIVE TUBES 








METHOD OF l | LENGTH OF | 
PRESERVATION | AGEOFGRAFT | GRAFT | SURVIVAL TIME | RESULTS 
Serum enriched 2 days 1 by 15 cm. . 4% months Sacrificed 
Tyrode’s solution 4 days 1 by 1.5 em. 41%4 months Sacrificed 








TABLE III. CERVICAL TRACHEAL GRAFTS USING ACRYLIC TUBE SUPPORT 


AGE OF GRAFT | LENGTH OFGRAFT | SURVIVAL PERIOD — | RESULTS 
1 day 10 rings 20 days Expired 
1 week rings 49 days Obstructed* 
2 days rings 30 days Expired 
1 day rings 49 days Expired 
1 
1 
2 











day rings 5 months Sacrificed 

mo. rings months Living 

days rings months Living 
15 days rings months Living 





*Reoperated. 
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TABLE IV. THORACIC TRACHEAL GRAFTS UsiInG AcRYLIC TUBE SUPPORT 








AGE OF GRAFT | LENGTH OF GRAFT | SURVIVAL PERIOD | RESULTS 


4 days 5 rings 10% months Sacrificed 
8 days 5 rings 10 months Living 
15 days 5 rings 8 months Sacrificed 
21 days 5 rings 10 months Sacrificed 
10 days 5 rings 10 months Living 
7 days rings 8% months Living 
Fresh 3 rings 5 months Sacrificed 
1 day rings 5 months Sacrificed 
Fresh 3 rings 8 months Living 
14 days rings 3% months Sacrificed 











Fig. 7.—Roentgenogram of cervical trachea showing intratracheal acrylic tube in place. 


In a fourth group of animals the thoracic trachea was exposed by an 
incision developed through the right fourth intercostal space. The right vagus 
nerve was injected with 2 ¢.c. of 4 per cent solution of procaine to obviate 
vagal reflexes. When the trachea was incised a sterile intratracheal catheter 
was placed into the distal end and secured by a suture of No. 40 cotton (Fig. 
10). Controlled respirations were maintained through this catheter. <A seg- 
ment of the intrathoracic trachea 3 to 4 rings in length was excised, and a 
eraft containing an acrylic tube was sutured in place in a manner similar to 
that deseribed for the grafting of the cervical trachea. After the proximal 
suture line was secured, the intratracheal catheter was withdrawn. The 
(distal sutures were then rapidly drawn up and tied, and respiratory exchange 
was maintained by means of an oral intratracheal catheter. The wire sutures 
were passed through the paravertebral musculature to prevent their erosion 
through the tracheal cartilage (Fig. 11). Air was withdrawn from the pleural 
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space by a rubber catheter, and the thorax closed without drainage. At the 
close of the procedure 5 c.e. of a solution containing 40,000 units of penicillin 
per cubic centimeter were instilled locally into the pleural space. 


Fig. 8. 


Fig. 9. 
Fig. 8.—Gross specimen of grafted segment of trachea containing acrylic tube. 


Fig. 9.—Microscopic section (17.2) showing regenerated epithelial lining and cartilage 
remaining in cervical graft. Sacrificed six months after insertion of graft. 


Ten animals had segments of thoracic trachea removed and replaced with 
tracheal grafts preserved in serum-enriched Tyrode’s solution. These grafts 
were preserved from one to three weeks before they were used. The freshly 
obtained tracheal grafts were also used in this group of experiments. All of 
the dogs survived this operation, and have been observed for periods up to 
ten and one-half months postoperatively (See Table IV). 

It was found that the tube could be removed readily by means of the 
bronchoscope, when the wires were broken or cut at a second-stage operation. 
The fine, No. 32 gauge wire was used in all of these animals. 
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In four of the six animals sacrificed at varying intervals, the wire had 
disrupted and the tube was dislodged. Autopsy examination revealed normal 


lung parenchyma. The graft was shortened and the lumen narrowed to about 


Fig. 11.—Completion of suture lines. 


‘wo-thirds of the normal diameter. One animal apparently had ejected the 
‘ube, as it was absent at autopsy. On microscopic examination of the grafted 
areas some chronic inflammatory reaction was observed; however, the grafts 
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TABLE V. PNEUMONECTOMY AND TRACHEAL GRAFT USING ACRYLIC TUBE 








GRAFT AGE | SURVIVAL PERIOD | RESULTS 


1 week 8 hours Expired 

3 days 6 hours Expired 
Fresh 1 week Expired 

5 days 3 months Expired 

4 days 7 months Living 








Fig. 12.—The right lung removed and the carina and a portion of the left main-stem bronchus 
to be removed. 


were lined with squamous epithelium. Some cartilage remained in the area 
of the graft in all of these specimens. ; 

In a fifth group consisting of five animals a right pneumonectomy was 
performed through an incision in the right fifth intercostal space. After re- 
moval of the right lung, the distal 3 rings of trachea, the carina, and first 2 
rings of the main-stem bronchus were freed from the surrounding fascia and 
excised (Fig. 12). A free, homologous tracheal-carinal graft preserved in 
serum-enriched Tyrode’s solution was then inserted into this defect by a 
technique similar to that already described for thoracic tracheal grafting 
(Fig. 13). The right main-stem bronchus on the graft had been closed with 
interrupted mattress sutures of No. 40 cotton and reinforcing continuous suture 
of No. 40 cotton. The acrylic tube used to splint this defect was slightly 
angulated and tapered to allow for the difference in size of the tracheal and 
bronchial stumps. 
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The first two animals in this group died six and eight hours postopera- 
tively from leakage of the anastomosis and pneumothorax. One animal died 
one week postoperatively with disruption of the graft. One animal expired 
three months after operation, having developed a pneumonitis following a 


Fig. 13.—Tracheal carinal graft being inserted. 


Fig. 14. Fig. 15. 


Fig. 14.—Specimen of left lung and trachea containing tracheal graft and acrylic tube. 


Fig. 15.—Specimen of left lung and trachea containing tracheal graft and acrylic tube 
(specimen opened). 
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fight with another dog. Pathologic examination revealed the acrylic tube in 
place with well-defined cartilage remaining in the tracheal carinal graft (Figs. 
14 and 15). There was pneumonitis and consolidation in the lower and middle 
lung fields. One animal remains living and apparently well seven months 
postoperatively (Table V). 

SUMMARY 

Preserved homologous tracheal window grafts have been successfully 
implanted into the trachea of two animals. 

Complete homologous tracheal grafts have been implanted into the 
cervical and thoracic trachea in twenty-eight dogs with no operative mortality. 
In ten animals in which no means of internal support was used, the grafts 
became stenosed within one to three weeks after implantation. When cervical 
and thoracic homologous tracheal grafts were supported by an acrylic tube 
and held in position with stainless steel wire of appropriate size, the tubes 
remained in place for the duration of the experiment and caused no apparent 
difficulty. Cartilage has remained in these grafts for at least ten and one-half 
months, and the epithelial lining has been completely replaced by squamous 
epithelium during this period. 

A method has been deseribed for removing one lung, the distal trachea, 
carina, and a portion of the left main-stem bronchus of experimental animals, 
and bridging this defect with a tracheal graft and supporting aerylie tube. 
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HODGKIN’S DISEASE OF THE LUNG WITH CAVITATION 
Report oF THREE CASES 


Leir Erskinp, M.D., AND PER WEXELS, M.D. 
Osto, Norway 


ODGKIN’S disease is characterized by a marked involvement of lymphoid 

and reticulo-endothelial tissue. The location of the disease within the 
chest will therefore be determined by the distribution of these tissues, which are 
present in abundance in the interstitial tissue of the lung and the mediastinum. 

The disease can originate in the lung itself, or the lung ean be involved 
by direct invasion from affected glands in the mediastinum. The further spread 
of the process within the lung may follow the peribronchial or perivascular 
lvmph vessels, and ean result in peribronehitis or intrabronchial changes with 
granulations (Moolten'?). Where the granulations and thickening of the 
bronchial wall are extensive, they may cause bronchostenosis, and the findings 
will be indistinguishable from a ease of bronchiogenie carcinoma (Higginson''). 
Another form of spread within the lung is the more peripheral involvement of 
the alveolar wall, with the production of granulations followed by consolidation 
of lung segments or lobes resembling an ordinary pneumonia or pulmonary 
tuberculosis. A less common manifestation is the oceurrence of we!l-civeum- 
scribed isolated nodules in the lung, giving a picture similar to secondaries in 
the lung. A miliary form has been described by Vieta and Craver.* 

Central necrosis and the formation of cavities are not met with in Hodgkin’s 
disease in other parts of the body, but cavitation does occasionally oceur in the 
lungs, probably as a result of the special anatomy of the pulmonary tissue. 
When a cavity has been formed within the infiltration, pulmonary tuberculosis, 
lung abscess, or abscess in combination with a bronehiogenie carcinoma have to 
be considered in the differential diagnosis. 

The symptoms caused by pulmonary Hodgkin’s disease are more or less 
tne same as those met with in the more common pulmonary diseases. They 
are fever, cough, night sweats, pain in the chest, loss of weight, and dyspnea. 
lf a eavity is present the patient will probably cough up purulent sputum; 
hemoptysis is not common, but has been recorded. Changes may take place in 
the peripheral blood, and patients suffering from Hodgkin’s disease may have 
«1 normal, high, or low, blood-cell count. The sedimentation rate is generally 
‘levated. A positive diazo reaction in urine is suggestive, but not necessarily 
present. In about 10 per cent of the patients suffering from Hodgkin’s disease 

ne finds generalized pruritus which is a very troublesome complaint. 

The prognosis in eases with pulmonary Hodgkin’s disease is not as good 

s in patients afflicted with the same disease in other parts of the body. In the 
ases with pulmonary manifestations and cavitation reported in the literature, 
‘he survival from the time of the first symptom to death varies between two 
From the Surgical Department A of the University Clinic. 
Received for publication Sept. 17, 1951. 
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and nine years. The presence of constitutional symptoms is often met with in 
patients with pulmonary involvement, and is a bad prognostic sign. 
During the last two years, three patients suffering from pulmonary Hodg- 
kin’s disease, with cavity formation, have been observed in our department. 
CasE 1.—A. E., a woman, aged 30 years, previously had had no illness. In the autumn 
of 1947 she was vaccinated with B.C.G., but the Pirquet and Mantoux tests were still negative 
in May, 1948. In December, 1948, she became ill with fever, pain in the right side of the 


chest, and felt listless. She developed an unproductive cough and her B.S.R. was 110 mm. 
The Pirquet test was still negative, but the Mantoux test was found to be positive. A radio- 


Fig. 1.—Anteroposterior radiograph showing a density in the right upper lobe with a cavity 
in Case 1 


graph of the chest showed an infiltration in the right upper lobe, and one month later a cavity 
had appeared in this opacity. In another hospital a diagnostic aspiration of the lung cavity 
was performed and purulent fluid obtained. The fluid was sterile, and on culture no growth 
of bacilli occurred. Because of the elevated temperature and her clinical appearance she 
was treated with systemic penicillin; this treatment was followed by a fall in the temperature 
and clinical improvement for a short tirffe. 

In the beginning of the year 1949 she became ill again with chills, elevated temperature, 
and this time coughed up a mouthful of blood-stained purulent sputum. After this she im- 
proved, and her condition was thought to be caused by a lung abscess. 


She was admitted to the Surgical Department A in February, 1949. Her general con- 
dition was fair, she had moderate anemia, B.S.R. was 109 mm. The white blood cell count 
was 8,200, with 15 per cent lymphocytes. Bronchoscopy was negative. The radiographs 
of the chest showed a density with a large cavity in the anterior segment of the right upper 
lobe (Figs. 1 and 2). 
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Nig. 2.—Lateral tomograph showing the cavity in the anterior segment of the upper lobe in 
Case 


Fig. 3.—Photomicrograph of the involved lung in Case 1. 
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Fig. 4.—Anteroposterior radiograph showing a density in the right upper lobe with a cavity 
in Case 3 


Fig. 5.—Lateral tomograph showing the —) in the anterior segment of the right upper lobe 
in Case 2. 
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On March 2 a thoracotomy was performed on the right side. Firm adhesions were 
present between the chest wall and the anterior segment of the upper lobe, which was adherent 
to necrotic glands in the mediastinum. Along the internal mammary artery in the intercostal 
spaces, small fluctuating areas were found and were thought to be necrotic glands. A tuber- 
culous process was considered the most likely diagnosis. The upper and middle lobe and the 
necrotic glands in the anterior mediastinum were removed. 

The histologic examination of the lobes and the glands proved to be Hogkin’s disease 

Fig. 3). 

The patient received postoperative radiotherapy, but later she developed a retrosternal 
fistula. She gradually lost ground, and died two years after the operation. 

No post-mortem examination was obtained. 


© 170 Oo, 


ROS 
oo 


Fig. 6.—Photomicrograph of the involved lung in Case 2. 


Fig. 7.—Anteroposterior radiograph showing infiltration of the opposite lung. The remaining 
lower lobe of the operated lung is clear. 
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CasE 2.—J. B., a woman, aged 21 years, who in 1948 had had jaundice of two weeks’ 
duration. Otherwise she felt well, and there was no report of any previous illness, In the 
autumn of 1948 a routine mass radiograph revealed a density with cavitation in the anterior 
segment of the right upper lobe. She did not feel ill, but was admitted to a hospital for 
further investigation. The B.S.R. was 100 mm. 

She was admitted to the Surgical Department A in February, 1949. Her general con- 
dition was good; there were no abnormal physical findings in her lungs. No glandular 
enlargement was palpated. She had a moderate anemia, B.S.R. was 66 mm., and the white 
blood cell count was 11,000, with 20 per cent lymphocytes. Bronchoscopy was negative. The 
radiographs of the chest showed a density in the anterior segment of the upper lobe with 
cavitation (Figs. 4 and 5). 


Fig. 8.—Anteroposterior radiograph showing a density in the right upper lobe with a cavity 
in Case 3. 


On the diagnosis of lung abscess and the possibility of Hodgkin’s disease, a thoracotomy 
was performed on March 4. A mass the size of a duck’s egg was found in the anterior seg- 
ment of the right upper lobe, which was adherent to the mediastinal pleura and the middle 
lobe. Some small glands along the upper lobe bronchus seemed to be involved. The upper 
and middle lobes were removed. 

The histologic examination showed a polymorphous picture characteristic of Hodgkin’s 


disease (Fig. 6). 

She received postoperative radiotherapy to the mediastinum and to the operated side, 
but only five months later a shadow in the left hilum and one in the posterior part of the 
left lower lobe appeared. She was again treated with irradiation to the mediastinum and 
the left lung. In spite of this, the disease progressed on the left side, and her general 
condition deteriorated steadily. Two years later she had marked infiltration of the left 
lung (Fig. 7). 

Case 3.—I. H., a woman, aged 53 years, who previously had been healthy. A mass 
radiograph two years previously showed normal lungs and mediastinum, The Pirquet test 
was positive. 
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lobe in 


Fig. 10.—Photograph showing involvement of the skin in Case 3. 
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In December, 1950, she developed an exanthema of the trunk and the extremities with 
a severe and troublesome pruritus. 

In January her B.S.R. was 100, and she was advised to have a roentgenogram of her 
chest made. This showed a density in the anterior segment of the right upper lobe with a 
cavity. (Figs. 8 and 9.) She was admitted to the hospital for further investigation. Her 
general condition was good but she complained of severe itching and her exanthema showed 
many scratch marks (Fig. 10). The temperature was normal, and the B.S.R. was 57 mm. 
The white blood count was 26,000. There was a marked anemia (73 per cent). The diazo 
reaction was positive. 

She was transferred to the Surgical Department A on March 15, 1951, with a diagnosis 
of Hodgkin’s disease. 


Fig. 11.—Photomicrograph of smear showing giant cells of the Reed-Sternberg type in Case 3. 


Bronchoscopy showed some broadening of the carina, and from the right upper lobe 
bronchus reaccumulating purulent secretion was sucked out. A smear was examined and this 
showed giant cells very much like the Dorothy Reed-Sternberg cells (Fig. 11). A thoracotomy 
was performed on March 27, 1951, and a large mass was found in the anterior segment of 
the right upper lobe, and large glands in the mediastinum were densely adherent to the lung. 
The superior vena cava was embedded in the involved glands and firmly adherent. It was not 
considered possible to remove the glands radically, and only bits for section were taken. 

The diagnosis was confirmed and proved to be Hodgkin’s disease (Fig. 12). There 
was no evidence of tuberculosis. Postoperative irradiation resulted in some decrease in the 
pulmonary infiltration two months after operation. 


DISCUSSION 


The three reported cases were all women aged 20 to 53 years. The symp- 
toms referable to the respiratory tract prior to admission were very slight. 
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They all had a high B.S.R.—100 or more mm. in one hour. The pulmonary 
lesions in all three cases were localized to the anterior segment of the upper lobe 
on the right side. They all had adhesions to the mediastinal pleura, and in all 
cases enlarged retrosternal glands were found. In none of the cases was general 
lymphadenopathy present. 

In pulmonary Hodgkin’s disease it will always be a problem where the 
primary site of the lesion is, if the disease has started in the lung or in the 
mediastinum. This will be of considerable importance in deciding the justifiea- 
tion for surgical treatment. 


Fig. 12.—Photomicrograph of the involved lung in Case 3. 


That the disease should have started in the lung and later extended to the 
glands in the mediastinum is not very likely, as the first group of lymph glands, 
situated along the larger bronchi, was involved in only one of our eases. The 
most likely sequence is that the disease in the lung has extended from involved 
glands in the mediastinum by direct extension through the pleura. 

In the literature nine cases of Hodgkin’s disease with cavitation in the lung 
have been recorded. The site of the process was the right lung except in one 
instance (Rubenfeld’®). No elue, as to the primary site of the disease, was 
found in these cases. 


A positive diazo reaction in the urine was suggestive of Hodgkin’s disease 
in a patient with thoracic manifestations, as here described. 
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A bronchial smear examined for Reed-Sternberg cells can, as occurred in 
one of our eases, verify the diagnosis. 

The treatment for pulmonary Hodgkin’s disease will be as for Hodgkin’s 
disease elsewhere: roentgen therapy, nitrogen mustard, or surgical removal of 
the loealized focus. 


If a cavity in the lung is present and it is possible to remove the involved 
glands in the mediastinum, a lobectomy or pneumonectomy followed by irradi- 
ation and possibly nitrogen mustard seems to be the most logical treatment. 


If there are necrotic and secondarily infected glands in the mediastinum, 
as in Case 1, surgical treatment seems to be of little value, and in our patient 
only shortened the time of survival. 

The prognosis with irradiation alone is in the first instant not too bad, and 
regression of infiltrations and disappearance of cavities have been reported. 

In spite of the rarity of pulmonary Hodgkin’s disease with cavitation, one 
ought to have it in mind in the differential diagnosis of the more common lesions 
in the lungs. 

An effective histologic examination of the bronchial secretion may be of 
help in obtaining the correct diagnosis. 


SUMMARY 


Three eases of pulmonary Hodgkin’s disease with cavitation are recorded. 
In all, the anterior segment of the right upper lobe was the site of the lesion. 
In all the cases the retrosternal mediastinal glands were involved. In one ease 
the disease spread postoperatively to the other lung. 
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BRONCHIAL ADENOMA 
A Cask REPORT 


H. H. Brapsuaw, M.D., Louis DES. SHAFFNER, M.D., AND 
W. Rauteu Deaton, IJr., M.D.* 
WINSTON-SALEM, N. C. 


aaa change in an adenoma of the bronchus was first reported by 
Zamora and Schuster! in 1937. Since then many articles have appeared 
with confirmatory evidence as to the potentially malignant status of the so- 
called bronchial adenomas, but there still remains some confusion in the litera- 
ture regarding the exact histogenesis and nature of this neoplasm. However, in 
view of the possible malignant status of the tumor, it seems that the only feasi- 
ble therapy is radical extirpation of the tumor and surrounding normal tissue. 
Nevertheless, local treatment is still advocated by some bronchoscopists. In 
order to accentuate the malignant possibilities of the bronchial adenomas, 
Doty? has recently re-emphasized that they are mixed tumors, as originally 
observed by Womack and Graham,’ and suggested that they be called “mixed 
tumor adenomas.” The following case is reported to illustrate the malignant 


potentialities of a bronchial adenoma, and to demonstrate that radical therapy 
may not always succeed. 


CASE REPORT 


C. H. H., a 26-year-old man, was first seen at the North Carolina Baptist Hospital on 
February 12, 1943. He was referred by his physician with the following note: ‘‘Onset of 
illness January 7, 1943, with high fever, nausea, vomiting, and pain in the left lower chest 
and left shoulder. He was started on one of the sulfonamides with marked improvement. 
However, in a few days the fever, nausea, and chest pain recurred, and he was admitted 
to the hospital. Left thoracentesis yielded 250 ¢.c. of blood tinged fluid, which was sterile 
to culture. A roentgenogram of the chest showed atelectasis of the left lower lobe with a 
shift of the mediastinum to the left. The patient improved after the thoracentesis, and 
was discharged from the hospital Feb. 5, 1943. He re-entered on February 9, with a tem- 
perature of 103° F., pain in the left lower chest, and cough productive of white frothy 
mucoid material. Chest roentgenogram still showed atelectasis of the left lower lobe.’’ Ad- 
ditional history from the patient revealed that he had had an early morning cough, produc- 
tive of small amounts of white sputum, and night sweats, for twelve months, with a 25- 
pound weight loss in this interval. Respiratory tract infections had been frequent every 
winter as far back as he could remember. Increasing shortness of breath, palpitation, and 
some clubbing of the fingers had been present for four or five years; this had been at- 
tributed to hay fever, which he had to a moderate degree. There was no history of ex- 
posure to or familial incidence of tuberculosis. 

Examination: Temperature, 102.6° F., pulse rate, 104; respiratory rate, 24; blood 
pressure 115/78. The patient was a well-developed, acutely ill, young white man who was 
frequently stricken with paroxysms of coughing. The pharynx was moderately injected. 

From the Department of Surgery, Bowman Gray School of Medicine of Wake Forest 
College, and the North Carolina Baptist Hospital. 
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*Trainee, National Cancer Institute. 
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The trachea deviated slightly to the left. The left lung below the fifth rib was dull to 
percussion, with absence of breath sounds and fremitus. The heart was shifted to the 
left. No other abnormalities were noted. 

Laboratory Data: Urinalysis was negative. Hemoglobin 10 Gm., R.B.C. 4.8 million, 
W.B.C. 17,700, with 76 per cent polynuclearcytes. Sedimentation rate (Wintrobe, cor- 
rected) 49.5 mm, per hour. Kahn negative. Sputum negative for acid-fast organisms. 
A roentgenogram of the chest was reported as showing atelectasis of the left lower lobe. 
Bronchoscopy revealed a papillomatous growth at the orifice of the left lower lobe bronchus. 
A biopsy was taken and reported as follows: Gross: specimen consisted of a small frag- 
ment of tissue which measured approximately 1 cm. in diameter. Microscopic: Sections showed 
irregular islands of cells composed of epithelium of the basal type. Many eystie areas of 
degeneration were seen. The tissue for the most part was situated in a dense sclerotic fibrous 
tissue stroma; however, myxomatous areas were seen, Diagnosis: Basal-cell carcinoma of the 
bronchus. It was entirely possible that in this case an adenoma of the bronchus was being 
dealt with, and the material for study merely represented a basal portion of such a lesion. 


aa 


Fig. 1—Photomicrograph of original biopsy specimen. (low power X95), showing irregular 
epithelial glandular islands, with cystic degeneration. 


Repeat bronchoscopy and biopsy were performed; the pathology report was as follows: 
Gross: specimen consisted of a small, rounded, dark, soft piece of tissue measuring 7 mm. 
in diameter. Microscopic: sections showed hemorrhagic surface beneath which were irregular 
epithelial cellular accumulations possessing degenerated centers, Diagnosis: The picture 
here was suggestive of adenoma of the bronchus. Since these tumors are the type which 
resembled so-called mixed tumors, it is possible that a basal element predominated in certain 
‘reas, The prognosis should be the same in either case. On Feb, 23, 1943, a left pneumonec- 
tomy was performed through the bed of the fourth rib anteriorly. The vessels and bronchus 
ere ligated individually. As the papillomatous growth was cut through when the bronchus 
vas first divided, another section was removed, thus taking practically all of the left main 
bronchus, The pathology report was as follows: Gross: specimen consisted of the left lung 
ind a portion of the stem bronchus. Two large bronchi could be seen branching from the 
main bronchus, and one of the two bronchi was thickened about its margin. Serial sections 
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were taken through this entire thickened portion to try to demonstrate the origin of the primary 
tumor which has previously had a biopsy taken from it. Several enlarged lymph nodes were 
attached to the separate portion of bronchus and also about the hilum of the lung. Upon dis- 
section of all the large bronchi and many of the smaller bronchi, they were found to be rather 
markedly dilated and filled with a thick mucoid yellowish purulent-appearing material. Micro- 
scopic: Sections through the one separate bronchus which was thickened showed a tumor which 
was of the same type previously described in the biopsies. Portions of the external surface 
of the tumor were covered by bronchial mucosa. The tumor also extended deeper into the 
bronchus and in some instances could be seen between the cartilage rings of the bronchus. 
The tumor was composed of small cells with small dark nuclei, and the cells were arranged 
about a central cystic area. Sections through the various lymph nodes showed a chronic 
lymphadenitis, Diagnosis: Adenoma of the bronchus, basal-cell type, and chronic lymph- 
adenitis, This tumor showed no evidence of malignancy. The postoperative course was com- 
plicated by a low grade persistent fever, but this finally cleared and the patient was discharged 
twenty-nine days after operation, 


Fig. 2.—Photomicrograph (high power X435) of a part of Fig. 1, showing cellular structure. 


On Feb. 15, 1951, eight years after the pneumonectomy, the patient was readmitted to 
the hospital, this time complaining of hoarseness, which had been present intermittently for six 
to eight months. His health had otherwise been excellent; he had been able to work (watch- 
maker) without difficulty. Examination was negative except for slight hoarseness of the voice, 
and dullness over the left hemithorax. A roentgenogram of the chest showed a homogeneous 
density throughout the left hemithorax, with obliteration of the cardiac shadow. The right 
lung was clear, Laryngoscopy showed the left vocal cord to be immobile, Bronchoscopy re- 
vealed a small granular growth in the stump of the left main bronchus. A biopsy was reported 
as follows: Gross: Specimen consisted of a 2 mm. light brown irregular soft fragment of 
tissue. Microscopic: Sections through this tissue showed it to be composed of a loose con- 
nective tissue throughout which there were numerous basophilic cells that were fairly uniform 
in size, shape, and staining characteristics, These cells formed glandular structures which at 
times were incomplete. In all instances these cells appeared to be well differentiated. Diag- 
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nosis: Bronchial adenoma, recurrent. It was believed that he should have left thoracotomy 
with removal of the recurrent adenoma, which evidently involved the left recurrent laryngeal 
nerve. Under endotracheal anesthesia the fifth, sixth, and seventh ribs were removed, with 
the underlying parietal pleura, which was 4 cm, thick, extremely dense, and contained small 
deposits of calcium, The aorta, bronchial stump, and a portion of the pericardium were bound 
together in a dense mass, Attempts to separate the structures resulted in severe hemorrhage. 
It finally became necessary to abandon hope for removal of the bronchial stump. Bleeding 
was controlled by Gelfoam and hot packs, The chest wall was closed in layers without drain- 
age. Four thousand cubic centimeters of whole blood were administered during the procedure, 
but nevertheless the patient went into profound shock soon after recovery from the anesthesia. 
Fifteen hundred cubic centimeters of whole blood given rapidly through an intravenous cannula 
alleviated the condition, The postoperative course was complicated by severe pain, and a sense 
of dullness, just below the incision, This was controlled by multiple intercostal nerve pro- 
caine blocks, He was discharged on the thirteenth postoperative day to be followed in the Out 
Patient Department. There had not been any change in his voice. It is anticipated that 
repeated bronchoscopic removals of the growth will be required. 


Fig. 3.—Photomicrograph of specimen removed eight years wep rs specimen shown in Figs. 1 and 
2. Note similarity of cells (435). 


The recurrence of the tumor was not anticipated. At the original opera- 
tion the lymph nodes removed with the lung showed no involvement by the 
tumor. Also, serial sectioning of the bronchus revealed that the site of the 
second resection was well above the bounds of the tumor. The fact that a 
recurrence did occur indicates that either undetected local extension was 
present, or that the regional lymph nodes were invaded at the time of the ori- 
ginal therapy. The former seems more feasible in view of the location of the 
recurrence. 

This tumor was recognized as being of mixed origin, in that it showed at 
various times basal-cell cancer, myxomatous areas, and the typical bronchial 
adenoma structure; that it was thought to show “no evidence of malignancy” 
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was a misinterpretation. The long quiescent period (eight years) attests to a 
slow rate of growth, but does not detract from the malignant nature of the 


tumor. 
SUMMARY 


This is a case report of a patient with a bronchial adenoma that showed 
the characteristics of a mixed tumor, and subsequently recurred eight years 
after pneumonectomy. It appears that the appellation “mixed tumor adenoma” 
is more appropriate than adenoma, as applied to such neoplasms of the bronehus. 
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CHONDROMATOUS HAMARTOMA OF THE LUNG 


Morris Rustin, M.D., anp JAMES BERKMAN, M.D. 
New York, N. Y. 
INTRODUCTION 

RIOR to 1940 benign cartilaginous tumors of the lung, usually referred to 

as ‘‘chondromas’’ or ‘‘hamartomas,’’ were considered rare and without 
clinical significance. Recent studies of surgically removed specimens, especially 
of round, so-called ‘‘coin’’ lesions, indieate that cartilaginous tumors are not 
uncommon. In fact, they have to be seriously considered in the differential 
diagnosis of asymptomatic, circumscribed pulmonary infiltrates discovered on 
routine chest roentgenography. Experience from a single institution may be 
cited as in indication of the increased frequency of detection of these tumors. 
In 1945, MeDonald, Harrington, and Clagett! referred to three hamartomas 
resected at the Mayo Clinic. Five vears later, Lemon'and Good,? from the 
same clinic, described the radiographic features of no less than seventeen sur- 
gically removed specimens. Among thirty-three clinically silent solid pulmonary 
lesions removed surgically, Husfeldt and Carlsen* found five hamartomas as 
compared to only four primary carcinomas. 

Recently, one of us (M. R.) removed three cartilaginous tumors of the type 
described as ‘‘chondromatous hamartoma.’’ Even in this small group of cases 
certain features of the tumor were so striking that we were prompted to study 
the problem further. In addition to the three surgically removed tumors, 
twenty-eight similar growths found on post-mortem examination at Montefiore 
Hospital were studied, making a total of 31 cases. 


CASE REPORTS 

CASE 1.—S. K., a 54-year-old white man, developed pain in the right shoulder. In the 
course of a roentgen examination of the chest, a nodule was discovered in the right lung. <A 
routine roentgenogram of the chest taken two years previously had been reported as ‘‘nega- 
tive.’’ Incidentally, the pain was found to be due to subdeltoid bursitis. There were no 
symptoms referable to the respiratory system. The chest roentgenogram revealed a well 
defined, round density measuring about 1 cm. in diameter situated in the apical segment of 
the right lower lobe (Fig. 14). The nodule was clearly defined on right lateral tomography 
(Fig. 1B). 

The patient was admitted to Montefiore Hospital in June, 1948. Bronchoscopy was 
done on two occasions, but no endobronchial disease found. Smears and bronchial washings 
failed to reveal tumor cells. Because a definite diagnosis could not be established, exploratory 
thoracotomy was performed. <A firm, round, nodular, yellow mass was found projecting 
from the lower lobe into the interlobar fissure. It was enucleated without difficulty. The 
patient made an uneventful recovery, and has remained well for three years. 

The specimen consisted of a roughly rounded, sharply circumseribed, hard, grayish- 
white nodule, 1.5 cm. in diameter, with a whorled, coarsely lobulated surface. Microscopic 


examination revealed it to be composed predominantly of hyaline cartilage, arranged in a 
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disorderly multilobulated pattern. The areas of cartilage were embedded in loose myxomatous 
connective tissue which filled the interstices and formed a thin peripheral rim completely 
surrounding the connected lobules of cartilage. Small bundles of smooth muscle, islands of 
adult fat tissue, and isolated glandular spaces were encountered in the stroma. The glands 
were lined by a single layer of epithelium which was cuboidal or columnar, and sometimes 
ciliated. In places this epithelium was continuous with similar cells, forming an incomplete 
layer around the surface of the specimen. Small papillae projected into some of the glandular 
spaces and from some points on the surface. No recognizable lung tissue was found. 


‘sete 
A. B. 
Fig. 14 and B.—(Case 1.) <A, Preoperative chest roentgenogram of a 54-year-old man, 


showing a small, round mass in the right lung. B, Right lateral tomography. The tumor is 
loca'ed in the apex of the tower lobe. 


Comment: The radiographic appearance of a cireumscribed lesion in a 
previously normal lung suggested the diagnosis of a primary malignant tumor. 
The gross appearance of the lesion at operation indicated a benign tumor which 
could be removed by simple enucleation with preservation of the lobe. Very 
likely, the mass had been obscured by osseous structures in the x-ray film taken 
two years previously. 


CASE 2.—F. P., a 52-year-old white woman, began to complain of shortness of breath 
in January, 1949, shortly after a round pulmonary mass was discovered on roentgen examina- 
tion of the chest. It was soon apparent that the dyspnea was related to a nervous disposition 
rather than to the pulmonary disease. She was admitted to Lebanon Hospital in May, 1950. 
Bronchoscopic studies were negative. Radiographic examination of the chest revealed a well- 
circumscribed, rounded mass, 4 cm. in diameter, in the left lower lobe. In the left lateral 
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projection the mass appeared to be located in the interlobar fissure (Fig. 2). In view of 
the presence of calcification in the mass, .a benign tumor of the lung was suspected. This 
assumption appeared substantiated by the fact that there had been no change in the size of 
the mass since its discovery fifteen months previously. At operation, a hard, yellow, nodular 
mass, 4 cm. in diameter, was found on the interlobar surface of the left lower lobe (Figs. 3 
and 4). It protruded above the surface and was easily enucleated. The patient made an 
uneventful recovery. 


ig. 1C.—Postoperative roentgenogram following excision of subpleural chondromatous hamar- 
toma. 


Microscopic examination of the mass revealed it to be nodular, of rubbery consistency 
and covered by a thin layer of pleura. Microscopically, it consisted of connected multiform 
islands of hyaline cartilage which were enmeshed in a mixture of loose myxomatous and 
dense collagenous fibrous tissue and fat. Bundles of smooth muscle and a few glandular 
spaces lined by cuboidal and low columnar epithelium were found at the margins and in 
the fibrous tissue between nodules of cartilage. 


Comment: While the history and radiographic findings suggested a benign 
pulmonary neoplasm, a malignant lesion could not be exeluded. The tumor 
was situated beneath the visceral pleura. The gross and microscopic appear- 
anee of this mass was similar to that in Case 1. The preoperative impression 
that the shortness of breath was not related to the lesion has been borne out 
by the fact that the patient still maintains she is short of breath. 
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A. B. 


Fig. 2A and B.—(Case 2.) A 52-year-old white woman, complaining of dyspnea. 


A, Preoperative chest roentgenogram showing a circumscribed tumor in the left lung. 
B, Left lateral view. Mass is seen in the region of the oblique fissure. 


Fig. 2C.—Roentgenogram following operation. A hamartoma was found on the interlobar 
lobar aspect of the lower lobe. 





Fig. 3.—(Case 2.) Photograph at operation. A hard, nodular mass was found projecting 
from the interlobar aspect of the left lower lobe. 





Figs. 4A and B.—(Case 2.) A, Excised hamartoma from the left lower lobe. B, On cross 
section the mass is composed of numerous lobules with the consistency of cartilage. 
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Case 3.—G. D., a 62-year-old, obese, white man, gave a history of bloodspitting of one 
week’s duration. His past and family histories were negative for respiratory disease. He 
was admitted to the Thoracic Surgical Service of the Morrisania City Hospital in January, 
1951. 

Roentgenography of the chest revealed a rounded mass in the right lung, 4 cm. in 
diameter, just above the diaphragm. It was sharply circumscribed and mottled in appearance. 
Right lateral projection localized the mass to the middle lobe (Fig. 5). Bronchoscopy was 
negative. A preoperative diagnosis of hamartoma of the lung was made on the basis of 
the unique radiographic appearance of the mass, as well as on previous experience with such 
lesions. 

At operation, a soft, circumscribed mass about the size of a plum could be palpated in 
the right middle lobe. It felt like a bean bag. Because of the history of hemoptysis, a 
right middle lobe lobectomy was performed. The patient made an uneventful recovery. 


Fig. 54.—(Case 3.) <A 62-year-old white man with a history of hemoptysis. A, Anteroposterior 
roentgenogram of chest with a circumscribed, nodular mass above the diaphragm. 


The specimen was a lobe of lung 13 by 7 by 4 em. in size (Fig. 6). Its pleural surface 
was free of visible abnormalities. A compressible, sharply circumscribed, ovoid mass was 
felt beneath the pleura and measured 4 cm. in diameter. On section, it was separated from 
the surface by a thin rim of compressed lung tissue which was about 2 mm. in width at its 
narrowest point. The mass was coarsely lobulated, rubbery to soft in consistency, gray and 
translucent for the most part, but speckled with denser opaque gray-white foci. It was 
sharply circumscribed but not encapsulatéd, and was easily shelled out of its bed, leaving 
a smooth, deep depression traversed by compressed blood vessels and bronchioles. Relation- 
ship to a bronchus could not be demonstrated. 

Microscopically, the sharp circumscription without encapsulation was confirmed (Fig. 7). 
The mass was composed of connected lobules of loose myxomaotus, cellular, connective tissue, 
the free surfaces of which were covered by a continuous lining, varying from cuboidal to 
columnar and, in places, ciliated epithelium. In some areas a few mucous glands, adult 
adipose tissue, and small collections of lymphocytes were noted just beneath the surface 
epithelium. Small islands of poorly-formed hyaline cartilage were present centrally in only 
a minority of the lobules. None of the lobules revealed calcification or ossification. 
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Comment: The radiographic appearance of the tumor in this instance 
was more characteristic of a cartilaginous hamartoma of the lung than in the 
preceding cases. The mass found within the middle lobe was much softer in 


Fig. 5C. 


Figs. 5B and C.—(Case 3.) B, Right lateral view. The tumor is located in the middle lobe. 
C, Postoperative roentgenogram following right middle lobe lobectomy. 
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consisteney than the lesions in the previous two cases, due to the fact that it 
contained more myxomatous tissue and less hyaline cartilage. On dissecting 
the specimen, it was noted that the mass could be completely enucleated from 
the lobe. Hemoptysis has not recurred despite failure to demonstrate its 
source in the resected lobe. 


TET] 


a 


Fig. 6.—(Case 3.) Cross section of excised right middle lobe. Circumscribed tumor is situated 
below pleural surface consisting of numerous lobules. 
ANALYSIS OF NECROPSY CASES 

Solitary cartilage-containing tumors of the lung were found in twenty- 
eight of 8,800 post-mortem examinations performed at Montefiore Hospital 
between the years 1914 and 1949. This is an incidence of approximately one 
in 300 post-mortems. In each instance the tumor was an incidental finding, 
unsuspected during life in patients who died of various diseases. There were 
twenty-one males and seven females (Table I). A comparable sex ratio has 
been noted by others. 

A review of the clinical records of the twenty-eight cases failed to reveal 
a single instance in which symptoms could be attributed to the cartilaginous 
tumors. Twelve of the twenty-eight patients had respiratory complaints related 
to either a primary or secondary pulmonary disease, including tuberculosis, 
primary or metastatic neoplasms, or cardiae diseases associated with congestive 
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failure. Even if symptoms due to the hamartomas had been present, they would 
have been very likely overshadowed by those due to the major illness. Roent- 
genograms of the chest were available in nine of these patients. The involve- 


B. 

Fig. 7.—(Case 3.) A, Low-power photomicrograph of hamartoma in the right middle 
‘lobe. The lobulated tumor is surrounded by compressed lung (X15). B, High-power view 
howing composition of lobule of myxomatous connective tissue with central area of hyaline 
eee The surface is covered by a continuous lining of cuboidal or columnar epithelium 
xX ° 


ment of the lungs by other disease processes made it impossible to delineate the 
cartilaginous tumors with any degree of certainty, even when viewed in the 
ight of the knowledge of the necrospy findings. Of the sixteen patients with- 
out primary or secondary involvement of the lungs, roentgenograms of the 
‘hest were available in seven. Two revealed shadows which had been over- 
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looked in the ante-mortem reading of the films. These corresponded in size 
and loeation to the tumors found at necropsy. The failure to demonstrate the 
tumors in the remaining cases can be ascribed to their small size, or obscuration 
or both. 


TABLE II. ANATOMIC DISTRIBUTION OF 31 CHONDROMATOUS HAMARTOMAS OF THE LUNG 








Lobar Distribution.— 

Right Lung: Left Lung: 
Upper lobe Upper lobe 
Middle lobe Lingula 
Lower lobe Lower lobe 

~~ Total 5 ; oes Total 














Fig. 8.—Post-mortem specimen (Table I, Case 14) of an endobronchial hamartoma in a 
branch of the right middle lobe bronchus causing localized saccular dilatation of the bronchus 
and partial atelectasis of corresponding pulmonary segment. 


The anatomic distribution of the growths in thirty-one cases is summarized 
in Table II. It is apparent that the majority were in the lower lobes and were 
about equally divided in the two lungs. Twenty-four were located peripherally. 
Of these, sixteen were immediately subpleural, usually projecting above the 
surface of the lung. Ten were somewhat deeper, being separated from the sur- 
face by a zone of compressed pulmonary parenchyma which varied in width 
from a few millimeters to a few centimeters. A relationship to a bronchus or 
large bronchiole, which could be interpreted as a true connection, was found 
in five cases. In four of these the tumor merged imperceptibly with the wall 
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of a large bronchiole which, however, was neither compressed nor distorted. In 
one case (Fig. 8) the mass formed an obstructing intraluminary polyp in a 
major branch of the middle lobe bronehus. It was 1.5 em. in diameter and caused 
a localized saccular dilatation of the bronchus, with partial atelectasis of the 
corresponding pulmonary segment. 

The majority of the tumors were small, varying from 1 to 2 em. in greatest 
diameter. The smallest was 0.4 by 0.3 em., the largest 3.0 by 1.5 em. Their 
macroscopic appearance recorded by as many prosectors as there were tumors 
was monotonously alike, and furnished striking evidence that these tumors are 
of a similar nature. On palpation, they were rounded or ovoid, sharply eir- 


Fig. 9.—Low-power photomicrograph (X65) of a small hamartoma showing multiple, 
closely crowded, connected lobules, the most prominent component of which is a solid central 
island wae The tumor is not encapsulated but surrounded by compressed lung 
tissue (X15). 


cumscribed, smooth, or coarsely lobulated. While most of the tumors felt hard 
and unyielding, some were rubbery and compressible. The cut surface resembled 
cartilage, the uniformity of which in some cases was interrupted by gritty, 
calcified, or ossified spots and streaks. With few exceptions, the masses were 
free of attachments to the adjacent parenchyma and could be easily enucleated, 
leaving a smooth defect. In some cases the macroscopic appearance was suf- 
ficiently characteristic to allow gross differentiation of the tumor from coexistent 
nodular cancerous metastases or tuberculous lesions elsewhere in the lung. 


Microscopic preparations of each of the tumors were available and re- 
examined for the purpose of this study. Their histologic appearance was unique. 
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They were composed of mesodermal and epithelial elements in various propor- 
tions, but in a we!l-defined and uniform architectural pattern. They consisted 
of multiple, closely crowded, connected lobules, the most prominent component 
of which was a solid central island of cartilage (Fig. 9). In the majority, foci 
of caleifieation were present in the cartilage; less frequently isolated spicules 
of bone were encountered. The cartilaginous core was surrounded by a zone 
of fibrous connective tissue of variable width and structure. Usually, it was 
fibrillar and myxomatous in appearance but, at times, compact and collagenous. 


Fig. 10.—High-power photomicrograph showing clefts between lobules with glandular spaces 
arranged in an irregular, papillary fashion and lined with cuboidal epithelium (X56). 
A condensation of cellular elements in the transition zone, simulating perichon- 
drium, was found in some eases. The free surfaces of individual lobules were 
covered by a layer of epithelium which varied from a low euboidal type to tall 
and columnar, with or without cilia. This epithelium was indistinguishable 
from that lining normal subdivisions of the bronchial tree, and usually dipped 
into the underlying stroma to form distorted glands. Not infrequently, it 
protruded into the clefts between lobules, or formed glandular spaces in an 
irregular, blunt, papillary fashion (Fig. 10). Small sheets of adult adipose 
tissue were present just beneath the surface in the majority of cases. Strands 
of smooth muscle bundles and iso'ated lvmphoid follicles were encountered less 
frequently. <A definite capsule was not present. Adjacent alveolar septa, bron- 
chioles, and small blood vessels were stretched and compressed. Histologie stigmas 

of malignaney were absent in all eases. 
DISCUSSION 
The vast majority of hamartomas of the lungs are found accidentally at 
post-mortem examination. In recent years, with the wider use of routine 


radiographic examinations of the chest and the attitude that asymptomatic 
solitary lesions of the lung, which otherwise defy diagnosis, warrant exploratory 
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thoracotomy, increasing numbers are being removed surgically. It is of interest 
that two of the three patients in whom this lesion was found at operation 
presented symptoms referable to the respiratory system. Yet, in both eases it is 
difficult to attribute the symptoms to the tumor. The difficulty in breathing in 
Case 2 has persisted following the removal of the mass. The middle lobe re- 
moved in Case 3 failed to reveal any source for bleeding which, however, has 
not recurred since the operation. It is very likely that the symptoms were not 
caused by the tumor in either instance. 

Symptoms which can be attributed to hamartomas are absent, unless they 
produce bronchial obstruction or are large enough to compress adajacent strue- 
tures. This feature can be correlated with the size and location of the majority 
of the tumors, both in our material and in the eases reported by others. Thus, 
we found a true connection with a bronchus or large bronchiole in only five 
‘ases. In four of these there was no compression. In one ease the growth 
formed an obstructive endobronchial polyp (Fig. 8). Loeation within a bron- 
chus is uncommon, this representing the fourteenth case of this type which has 
heen reported. 

Although on oceasion the identity of the lesion may be suspected from 
the roentgen findings, only exploratory thoraecctomy and pathologie examination 
of the tumor can substantiate the diagnosis. The radiographic findings illus- 
strated in Case 3 led to a correct preoperative diagnosis. The roentgenogram 
accurately reflected the gross structure of the mass. Except in the unusual ease 
in which the growth is located within a bronchus, additional diagnostic methods 


ineluding bronchoscopy and cytologic study of material aspirated from the 
bronchus give little, if any, information because of the structure and peripheral 
location of the lesion. However, such tests are essential in order to rule out 
carcinoma or other diseases. 


Hamartomas are usually ideally suited for surgical extirpation with 
minimal loss of functional lung tissue. Most hamartomas are peripherally 
located and easily accessible for enucleation through a small pleural incision. 
A few are centrally located and may require lobectomy, particularly if malig- 
naney is suspected at operation. A rare form of massive hamartoma, almost 
replacing a lobe, has been encountered in a newborn infant at autopsy.’ Objee- 
tions to simple enucleation on the grounds of potential malignancy are theoretical 
on the basis of available data. With the possible exception of the case reported 
by Simon and Ballon,® there is no recorded instance of a true malignant neo- 
plasm developing from a cartilaginous hamartoma of the lung. This statement 
is predicated on the opinion that cartilaginous hamartomas are biologically 
different from bronchial adenomas. The relationship of the latter to malignant 
neoplasm is well known. When located superificially, their appearance is 
sufficiently characteristic to allow recognition at operation. Where doubt exists. 
examination of frozen sections quickly establishes the diagnosis. No other 
‘umor of the lung presents a similar histologie picture. 

This study vields no original data to help elucidate the pathogenesis of 
the tumor of the lung under discussion; nor is it concerned, except incidentally. 
with problems of nomenclature and classification, Most of the eases in our 
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necropsy group were originally designated as chondromas. While their most 
striking component is cartilage, they invariably contain other mesodermal and 
epithelial elements. We were not able to find a single pure chondroma in the 
8,800 necropsies reviewed. This might have been predicted from the accumulated 
experience of others, without necessarily denying that true chondromas exist 
in this location. It is significant, however, that on critical examination almost 
all reported extrabronchial ‘‘chondromas’’ of the lung are identical, consisting 
of a mixture of mesodermal elements in addition to cartilage. The current 
consensus of opinion is that these growths are tumorlike malformations resulting 
from an abnormal mixture of normal components of an organ. Some prefer 
the designations hamartochondroma or chondromatous hamartoma of the lung 
to differentiate these tumors from the vascular malformation of the liver to 
which the term was originally applied by Albrecht'’® and from the group of 
pulmonary tumors designated as adenomas. 
CONCLUSIONS 

1. Three cartilaginous hamartomas of the lung removed surgically, and 
twenty-eight found at post-mortem examination are reported. 

2. Because of the increasing frequency with which this tumor is being en- 
countered, the lesion must be considered in the differential diagnosis of all 


solitary, rounded pulmonary lesions. 
3. A correct diagnosis may occasionally be made from the roentgen ap- 


pearance of the lesion, but a definitive diagnosis can be made only by exploratory 
thoracotomy and examination of the mass. 

4. Because of their unique microscopic appearance and their usually super- 
ficial location in the lung, most cartilaginous hamartomas can be readily iden- 
tified in the operating room and removed by simple enucleation. Lack of 
familiarity with the characteristics of this lesion may result in needless sacrifice 
of lung tissue at operation. 
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PULMONARY RESECTION AND UNDECYLENIC ACID 
IN SYSTEMIC BLASTOMYCOSIS 


JAMES E. T. Hopkins, M.D., anp JAmEs D. Murpuy, M.D. 
OTEEN, N. C. 


N 1894 Gilchrist’ deseribed the clinical picture of blastomycosis and identified 
the causative organism. He also suggested the use of potassium iodide in its 
therapy. 

Numerous reviews of the literature give a complete clinical and laboratory 
picture of the disease.\? Two forms are recognized, the cutaneous and the 
systemic. The cutaneous type is characterized by single or multiple pyogenic 
granulomatous skin lesions. In the systemic type, single or multiple granulom- 
atous lesions are present in the internal organs. About 50 per cent of all 
eases fall into each group.’. The lungs are involved in over 90 per cent of the 
systemie group. The pulmonary focus is usually responsible for dissemina- 
tion.? Cutaneous disease rarely results in dissemination. 

The mortality rate of systemic blastomycosis is accepted as 90 per cent 
within three to five years after the onset of the disease.1. Because methods of 
treatment have proved unsatisfactory, we have used previously unreported 
types of treatment in two patients. The first was a patient upon whom a 
pneumonectomy was done with the preoperative diagnosis of systemic blasto- 
myeosis which was localized to the right lung. A postoperative diagnosis was 
made in the second patient after the left lung had been removed as a palliative 
procedure with the mistaken diagnosis of carcinoma. Postoperatively he has 
heen treated with undecylenie acid given orally. 

Hoffman and associates? in 1939 showed the fungistatie effect of many 
fatty acids and their salts for. certain nonpathogenic fungi. Their work re- 
sulted in the introduction of sodium and calcium propionate into the baking 
and dairy industry. 

Keeney‘ was stimulated by Hoffman’s work, and in 1943 studied the in 
vitro fungistatie and fungicidal effect of sodium propionate on common 
pathogens. At a pH of 5.5 complete fungistatie effect was obtained for 
blastomyces dermatitidis at a drug concentration of 0.0125 per cent. Results 
were poor at a pH of 7.4. Fungicidal activity was also demonstrated. 
Promising results were obtained for other pathogens including Torula histo- 
lytica, Coccidioides immitis, and Histoplasma capsulatum. In the same year 
Xeeney and Broyles® reported good clinical results with sodium propionate on 
several varieties of superficial fungus infections. 


*Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the results 
ft a own study and do not necessarily reflect the opinion or policy of the Veterans Adminis- 
‘ration. 


Received for publication Oct. 1, 1951. 
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Keeney’s® next work, reported a year later, had to do with the fungistatie 
and fungicidal activity in vitro of sodium valerate, sodium caproate, sodium 
caprylate, sodium eaprate, and sodium undecylenate. Hoffman and co- 
workers® had reported that the fatty acids of these salts were most effective for 
nonpathogenic fungi at pH 7.4. These fatty acid salts were tested in vitro 
against fungi met in clinical practice as the common causes of the superficial 
and the deep mycotie infections. They showed that the salts of fatty acids 
acquire fungicidal activity as their chain is lengthened. The two highest chain 
salts, sodium caprate and sodium undecylenate, were shown to be the most 
promising fungicides. They were also the best fungistatie agents against the 
fungi that produce deep mycotic infections. Each produced maximum 
fungistatie activity at a concentration of 0.1 per cent (100 mg. per cent). 

Thus we had evidence of the value of the fatty acids and their salts. 
Perlman’s’ * work reported in 1949 provided us with definite evidence that 
large amounts of undecylenic acid could be taken orally. Nineteen of his 
forty-one patients showed mild gastrointestinal disturbances when up to 19.8 
(im. of undecylenie acid were taken daily for long periods. He used it with 
controversial results in psoriasis and neurodermatitis. After treatment was 
started, we obtained further evidence of the drug’s low toxicity trom the work 
of Rattner. He reviewed 1,100 cases of psoriasis treated with undecylenic 
acid. No figures were given as to dosage or form in which the drug was 
taken, but gastrointestinal upsets were said to have been frequent. 

Before treatment was started, we determined the in vitro effect of un- 
deeylenie acid on eultures of Blastomyces dermatitidis from four patients 
(Table I). In all cases the organism failed to grow in a liquid broth mixture 
with a concentration of 10 mg. per cent of the drug. 

Keeney and associates® had obtained complete inhibition of blastomycosis 
dermatitidis at 100 mg. per cent. This discrepancy in their and our results 
may be accounted for by three factors. They used the mold form of the 
organism in a solid medium medicated with sodium undecylenate. We used 
the yeastlike form of the organism in a liquid medium medicated with un- 
deeylenie acid. A liquid medium and the yeastlike or tissue form of the 
organism seemed more completely to simulate the conditions found in the 
systemic form of the disease. We believed that our collected evidence and re- 
sults warranted trial of the drug. 


TABLE I. SENSITIVITY OF BLASTOMYCES DERMATITIDIS TO UNDECYLENIC ACID 








STRAIN NUMBER 
| 2 3 | 4 
(MG, PER CENT) | (MG. PER CENT) | (MG. PER CENT) | (MG. PER CENT) 








~ 100 per cent inhibition 10 10 10 10 
90 per cent inhibition 9 
75 per cent inhibition 8 
50 per cent inhibition 9 6 
25 per cent inhibition 9 _4 

Sensitivity tests with undecylenic acid on four different strains of blastomyces derma- 
titidis. Tests done in tryptose phosphate broth (Difco pH 7.3) with the addition of 5 per cent 
= serum. Incubated at 37° C. for seven days. Organisms tested in the yeastlike or tissue 
orm. 
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Because of the previously unreported forms of therapy used, we are 
presenting two cases. 


CASE REPORTS 


CasE 1.—V. R., a 34-year-old Negro man, was admitted Dec. 17, 1949. Before World 
War II, he had done steel mill and construction work as a laborer. He served in the European 
and Southwest Pacific theaters. His past history was negative and previous health good. 

The present illness began in 1945. On admission the original right chest pain, hoarse- 
ness, and streaking were still present. He also complained of fatigue, weakness, cough, fever, 
night-sweats, anorexia, and 20 pounds in weight loss. With the exception of short periods of 
improvement of one or more symptoms, there had heen gradual retrogression during this four- 


year period. 


A. 


Fig. 1.—(Case 1.) Preoperative (Jan. 5, 1950) and postoperative (April 19, 1950) films. 
1, Dense shadow in right upper lobe and superior segment of lower lobe. Pneumonectomy 
confirmed preoperative diagnosis of blastomycosis. B, Perihilar infiltration extending into 
lingula and left lower lobe. Autopsy confirmed clinical impression of progression of spread 
of blastomycosis in left lung. 


Physical examination showed a chronically ill patient with temperature range of 100° 
to 103° F. daily. Examination of the right lung showed slight impairment of resonance, 
diminished breath sounds and posttussive rales (Fig. 1,4). The chest plate showed a pneu- 
monie lesion in the right upper lobe. 


Admission blood studies showed a red count of 5,200,000, while the hematocrit was 46 
ind the hemoglobin 97 per cent. The total leukocyte count was 17,200, with 80 per cent 
polymorphonuclears, 18 per cent lymphocytes, 1 per cent monocytes, and 1 per cent eosinophils. 
During the rest of the preoperative course the eosinophil count did not exceed 3 per cent. 
Che sedimentation rate (Wintrobe corrected) was 32 mm. per hour. Urinalysis showed a 
race of albumin. The actual vital capacity was 2,600 ¢.c. compared to a normal for him of 
1,550 eubic centimeters. 

Smears and cultures were negative for tubercle bacilli, but positive for Blastomyces 
dJermatitidis. Both the blastomycosis skin test and complement fixation test were negative. 
Nlectrocardiography was negative. Bronchoscopy showed a small amount of purulent material 
n the right upper lobe orifice. 
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After nineteen days of study, hospital care, and preparation, a right pneumonectomy 
was done on Jan. 6, 1950, in the face-down position, using cyclopropane anesthesia. 

Figs. 2A and 2B.—In the gross specimen the upper lobe and part of the lower lobe were 
found to be firm in consistency. Cut sections showed pinkish-gray granulomatous areas with 
yellow foci. Numerous small cavities with firm walls were present. 

Figs. 3A and 3B.—Microscopie examination disclosed numerous giant cells, epithelioid 
cells, and polymorphonuclear cells. Areas of pneumonia, pseudo-tubercles and micro- 
abscesses were interspersed. Numerous double contoured yeastlike organisms, about 20 


microns, were identified in the lung. 


‘ Fig. 2.—(Case 1.) Gross specimen of right lung (Jan. 4, 1951). A, Note consolidation of 
right upper lobe. B, Section of lobe shows numerous small cavities and confluent blastomycosis 
granulomas. 


Figs. 4A, 4B, and 4C.—Culture on blood agar at 37° C. produced numerous small, heaped, 
wrinkled, waxy colonies after two weeks’ incubation. Microscopie examination of the culture 
showed budding double contoured yeastlike organisms identical with those seen in the lung. 
Culture on Sabouraud’s medium at room temperature produced a white cottony, aerial growth, 
typical of blastomyces dermatitidis. 

A bronchogenic spread to the left lung was evident ten days after surgery. Since the 
skin test was negative desensitization with the blastomycosis vaccine was not done before 
potassium iodide therapy was started on Jan. 11, 1950. Treatment started with 30 drops 
daily. The patient was taking 300 drops (15 Gm.) by Feb. 28, 1950, when it was necessary 
to stop the treatment because of nausea. Small doses were again started but were stopped 
on April 17, 1950, when the dose had reached 420 drops daily. The patient’s general con- 
dition was at this time much worse. The skin test had become weakly positive, and the com- 
plement-fixation test was positive to“a 1 to 32 dilution. Desensitization was considered but 
subsequent skin tests were negative. 

Fig. 1B.—Shortly before death, six months after the pneumonectomy, a film of the left 
lung showed progression of the disease. Exudative disease was seen throughout the central 
portion of the lung field. The costophrenic angle and the periphery remained comparatively 
clear. 

Autopsy showed blastomyces dermatitidis granulomas in the left lung, the stump of the 
right bronchus, and empyema in the right pleural cavity. Organisms were also recovered from 
granulomas in the left kidney and heart. 
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Fig. 3.—(Case 1) Photomicrographs of histologic preparations from right upper lobe. 
{, Low-power examination of blastomycosis tubercle. Tubercle indistinguishable from a tuber- 
culosis process in this low-power magnification. B, High-power photograph (detail of Fig. 
3A demonstrating double-contoured Blastomyces dermatitidis organisms in a giant cell. 


A. B. Cc. 


Fig. 4.—(Case 1) Smear and cultures, blastomyces dermatitidis. A, Blood agar at 37° 
‘.. two weeks. Note numerous small, heaped, wrinkled, waxy, cream-colored colonies. B, High- 
ower photomicrograph, fresh potassium hydroxide preparation. Note budding, spherical, 
louble-contoured, yeastlike organisms identical with those seen in the lung. C, Culture on 
Sabouraud’s medium at recom temperature. Note white cottony, aerial growth, typical of 
Slastomyces dermatitidis. 
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Comment.—This ease of systemic North American blastomycosis presented 
a typieal elinieal course with characteristic signs, symptoms, and laboratory 
studies. The man’s condition had gradually deteriorated during four years, 
with the disease apparently localized in the right lung. At the time of surgery 
the negative skin test and negative complement-fixation test suggested a 
doubtful prognosis.’ Both tests became weakly positive after surgery. The 
development of the positive skin test indicates that the patient was developing 
some resistance. Iodide therapy did not help his general condition. We be- 
lieve that if the bronchogenic spread had not occurred, life would have been 
considerably prolonged as a result of the pneumonectomy. 

Case 2.—A. P., a 40-year-old white man, was admitted Dec. 16, 1950, from the Veterans 
Administration Hospital, Fayetteville, N. C. He had entered there Oct. 24, 1950. His general 
health had been good up to the present illness. Two years before World War IT service in 
1944 he had worked in the Army Quartermaster Department at Goldsboro, N. C. Since the war 
he has continued as a watchmaker in Goldsboro. Military service was in the United States. 

The present illness began at 4:30 A.M., Oct. 13, 1950, when he was awakened with 
pleuritie pain in the left anterior chest wall. He soon developed a cough productive of a small 
amount of gray-black sputum. Anorexia, weakness, and weight loss were progressive. Ten 
days after the onset he was admitted to the Fayetteville Hospital. Penicillin and aureomycin 
were given with no improvement. The temperature curve continued between 99 to 101° F., 
Smears and cultures were negative for tubercle bacilli. 

On admission to Oteen, as a possible carcinoma of the left lung, all symptoms and signs 
continued. There had been a 20-pound weight loss since the onset. Examination of the 


right lung was negative. The left anterior chest wall showed limitation of motion. Dullness 
and decreased breath sounds were present above the third rib on the left. Blood pressure was 
130/90, and pulse was 100. 

Fig. 5A—A chest plate of Jan. 3, 1951, showed atelectasis of the anterior segment of 
the left upper lobe with no evidence of cavitation. There had been no change since admission. 


Laboratory findings showed a hypochromic normocytic anemia. The red count was 
4,400,000, while the hematocrit was 44, and the hemoglobin 11.6 Gm. The total leukocyte 
count was 13,800, with 60 per cent polymorphonuclears, 32 per cent lymphocytes, and 8 per 
cent monocytes. In several other preoperative white counts eosinophils never exceeded 3 per 
cent. The sedimentation rate was 50 mm, per hour (Wintrobe corrected). Urinalysis showed 
a trace of albumin. The actual vital capacity was 2,500 ¢.c. compared with a normal for him 
of 4,600 cubic centimeters. Nine smears and one culture were negative for tuberculosis. 
Fungus smears and cultures were not made. , 

A small amount of pus in the left upper-lobe orifice was present at bronchoscopy. 
Bronchial washings were obtained and showed no evidence of malignant cells. Cytologic study 
was made on four sputum specimens. One was suggestive for carcinoma. 

After nineteen days of study with eighteen days of streptomycin and six days of peni- 
eillin, there was no change in the clinical course. Exploratory thoracotomy was done Jan. 4, 
1951, and confirmed the impression of atelectasis of the anterior segment of the left upper 
lobe. The segment contained a 4 cm. mass and with the lingula was densely bound to the 
mediastinum and anterior chest wall. The impression was that we were dealing with a car- 
cinoma of the lung. It was necessary to remove a portion of the pericardium. The gross 
specimen showed atelectasis of the anterior segment with a mass of granulation tissue 4 em. in 
diameter extending along and occluding the distal portion of the bronchus. 

Microscopic examination showed a chronic granuloma characterized by agglomerations 
of epithelioid cells, giant cells, polymorphonuclears, and micro-abscesses. Yeastlike organisms 
were seen. Culture on blood agar and Sabouraud’s media produced the typical colonies of 
Blastomyces dermatitidis. 
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The immediate postoperative course was stormy. Transient patchy atelectasis was pres- 
ent. Auricular fibrillation developed and was controlled with quinidine. There was marked 
dyspnea and mental confusion. The temperature curve was a septic type for thirty days. 
General condition was fair with little dyspnea after one month. Streptomycin, penicillin, and 
chloromycetin had been given for the first three postoperative weeks. 


A blastomycosis skin test and complement-fixation test for blastomycosis were both 
negative two weeks after the resection. Fluid recovered from the left chest cavity Jan. 19, 
1951, was positive for Blastomyces dermatitidis on culture. At the end of the first postopera- 
tive month the white count was 20,200, with 85 per cent neutrophils, 10 per cent lymphocytes, 
4 per cent monocytes, and 1 per cent eosinophils. 


B. 
Fig. 5.—(Case 2.) Preoperative (Jan. 3, 1951) and postoperative (July 20, 1951) films. 
A, Dense shadow in anterior segment of left lung. No disease in right lung. Pneumonectomy 
(Jan. 4, 1951) showed atelectasis. The segment contained a 4 cm. mass of blastomycosis 
granulomatous tissue. B, The right lung is free of disease and the left thoracic cavity shows 
complete haziness with no evidence of disease. 


Three weeks after surgery potassium iodide was started with nine drops daily. On 
March 7, 1951, when he was taking 54 drops daily, nausea developed and treatment was 
stopped. Desensitization had not been done since the skin test was negative. An emergency 
leave was given March 10, 1951, and he returned March 18, 1951, with serum jaundice. Be- 
cause of the jaundice, potassium iodide was withheld. On April 21, 1951, he developed a 
papulopustular rash. This involved his face, scalp, gums, neck, ears, and both pectoral regions. 
The onset was associated with fever up to 101° F., which persisted for four days. Smears of 
the pustules were positive for Blastomyces dermatitidis. 

On May 3, 
four, three times daily, for a total of 5.28 Gm. The white count at this time was 13,450, with 


1951, the patient was started on oral undecylenic acid capsules (0.44 Gm.) 


73 per cent neutrophils, 20 per cent lymphocytes, 4 per cent monocytes, and 3 per cent 
eosinophils. By the end of the first month the dose had been increased to 10.5 Gm. daily. 
The facial pain associated with the rash disappeared within ten days. Night sweats which 
had persisted soon ceased, appetite improved, and the patient began to gain weight. 

After one month of treatment the skin lesions were confined to the forehead and 
shoulders. They now resembled small, healing furuncles. Smears and cultures were negative. 
The white count was 18,150 with 49 per cent neutrophils, 33 per cent lymphocytes, 9 per cent 
monocytes, and 9 per cent eosinophils. The sedimentation rate was 10 mm. per hour. The 
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blood level of undecylenic acid was determined by adding 1 part of the patient’s serum to 5 
parts of the media mentioned in Table I. This mixture resulted in 100 per cent inhibition to 
growth of the organism. Since it had been shown that the organism was completely inhibited 
by 10 mg. per cent of the drug, we now knew that the blood contained approximately 50 mg. 
per cent of undecylenic acid. 

His condition was so good June 14, 1951, that he was given leave with instructions to 
take undecylenic acid at home. He returned from leave July 20. At this time a few very 
small pustules were present on the face. No organisms were found on biopsy, smear, or cul- 
ture. He had no complaints. The weakness had disappeared completely and his appetite was 
very good. The blastomycosis skin test was now positive but the complement fixation test was 
still negative. 

Fig. 5B.—A chest plate dated July 20 shows no evidence of disease. He was again in- 
structed to take undecylenie acid at home. 

When last seen Aug. 31, 1951, the hemoglobin was 17.3 Gm., the hematocrit 52, and 
the white count 9,600, with 58 per cent neutrophils, 35 per cent lymphocytes, 7 per cent mono- 
cytes, and no eosinophils. The sedimentation rate was 19. The chest plate was negative. A 
few furuncles which were present over the shoulders were negative to smear and culture for 
Blastomyces dermatitidis. He was allowed to return to work. 


Comment.—This patient was admitted with infiltration in his left lung. 
We were dealing with an acute, rapidly debilitating lesion. Lack of a positive 
diagnosis required a thoracotomy with resection. 

After a successful pneumonectomy which, however, did not eradicate the 
fungus, complement-fixation and skin tests were negative. The negative skin 
test indicated little resistance to the disease.’° Four months after surgery he 


developed a dissemination of the organism. All recognizable manifestations 
of this tragic occurrence have disappeared under the influence of undecylenic 
acid. Eight months after surgery the skin test is positive and the complement 
fixation test is negative. The patient is now working with no complaints. We 
will continue the treatment. 


DISCUSSION 


In the past, surgery has not been used as a planned form of therapy for 
systemic blastomycosis with a unilateral pulmonary lesion. Collected figures 
show that less than 10 per cent of the systemic cases will live over five years. 
The survivors are usually in the group with a positive skin test and negative 
complement fixation test. 

Our first patient with the negative skin test falls into the type of case 
with a poor prognosis. His case is, as far as we can determine, the first re- 
ported as treated by a planned pneumonectomy. Unfortunately, he did not 
survive. 

The second patient, likewise with a negative skin test, fell into the 90 per 
cent of systemic cases not expected to survive. His diagnosis was made after 
excision of the primary lesion. Surgery did not prevent dissemination of 
disease, but it probably allowed development of some immunity, since his 
general condition improved in spite of postoperative jaundice. 

Potassium iodide has been the only chemical available in the past. It has 
not prevented death in 90 per cent of the systemic cases. It has been of 
doubtful help in patients with a negative skin test. Schoenbach" recently 





HOPKINS AND MURPHY: TREATMENT IN SYSTEMIC BLASTOMYCOSIS 417 


reported one patient with systemic blastomycosis treated with intravenous 
stilbamidine. The patient is still under observation but the author thinks he 
is cured. He suggests that the diamidines be tried in severe yeastlike infection. 

Undeeylenie acid has been shown to inhibit growth of Blastomyces 
dermatitidis in vitro at concentrations of 10 mg. per cent. Two months’ treat- 
ment with undecylenic acid eliminated the cutaneous form of blastomycosis 
in our second patient. The skin test is now positive and his general condition 
is good eight months after surgery. We can demonstrate no evidence of 
systemic disease. The drug in combination with surgery seems to have pre- 
vented certain death. 

We will use undecylenic acid in the treatment of new systemic blasto- 
mycosis patients. Careful clinical studies will be made. We plan to do in 
vitro sensitivity studies using several different fatty acids and their salts 
against the most common pathogenie fungi. 

If a pulmonary lesion is present, which would be suitable for resection, 
and the diagnosis is made without exploratory thoracotomy, prolonged medica- 
tion will be given. If surgery does eventually become necessary, we hope to 
have protection against dissemination. We believe the drug will prove of 
great value in patients such as the one we have treated when the diagnosis is 
made from the surgical specimen. We plan to use up to 20 Gm. of un- 
decylenie acid daily over long periods. The patient herein reported has been 
on 10.5 Gm. of undeeylenie acid daily for four months without symptoms due 
to the drug. 

SUMMARY 


1. Case histories of two patients with systemic blastomycosis have been 
presented. In each case the disease appeared localized to one lung. Each ease 
was treated by pneumonectomy. We are not aware of similar case reports. 

2. The first patient treated by planned pneumonectomy died six months 
after surgery. lJodide therapy seemed to have little effect on the spread in his 


left lung. 

3. The diagnosis in the second patient was made after the lesion had been 
removed by pneumonectomy. A late spread occurred in spite of iodide therapy. 

4. Disease in the second patient has either been contrelled or cured by oral 
undeevlenie acid. 

5. We find no evidence that any of the fatty acids or their salts have been 
used to treat the deep mycotic infections. 

We are indebted to Mr. Carl J. Hogue of the hospital laboratory section for his work 


with the fungus studies. 
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THE OPEN CLOSURE OF THE BRONCHUS AND THE RESECTION OF 
THE CARINA AND OF THE TRACHEAL WALL 


VIKING OLOv Bs6rK, M.D., Ertc CaRLENS, M.D., AND CLARENCE CraFoorpD, M.D. 
STOCKHOLM, SWEDEN 


HE double lumen catheter constructed by Carlens for bronchospirometry 

and for one lung anesthesia has facilitated certain technical steps in lung 
resections to such a degree that it is now in daily use in our elinie. 

The catheter* is made of rubber in two sizes. The lumen of each side 
corresponds to a cireular area with a diameter of 7 mm. in the catheter for 
men and 6 mm. in the one for women. The total outer diameters are 13 and 
11 mm., respectively. 

The tube is introduced under topical anesthesia without the aid of 
fluoroscopy or bronchoscopy. Under mirror guidance it is introduced over 
a curved metal stylet. The rubber hook is tied down to the catheter with a 
moistened silk thread until the tube with a slight rotating movement has been 
passed through the larynx, when the slipknot is untied. The catheter is 
gently pushed downwards and turns automatically to the left when the curved 
stylet is withdrawn. During the introduction it exerts a slight pressure on the 
left tracheal wal] and therefore enters the left main bronchus. It is then easy 
to feel when the hook is engaged by the carina. A slight pressure downwards 
is then exerted on the catheter when the cuffs are inflated. Then anesthesia 
and suction ean be applied to each lung separately. The hook and the two 
rubber cuffs will maintain the catheter in correct position. It is not necessary 
nor advisable to have a higher pressure in the cuffs than enough to get an air- 
tight closure of the bronchus and the trachea. This is easily controlled when 
the artificial respiration is started. 

It is also possible, either in general or in local anesthesia, to introduce 
the catheter over a straight metal stylet through a laryngoscope and remove 
the stylet and the silk thread as soon as the hook has passed the larynx. 
Many anesthetists prefer that technique, but in patients with a short neck and 
hig teeth it may be of value to ke familiar with the former procedure as well. 

The experience from more than 300 resections has shown the main 
advantages of the flexible double lumen catheter for one lung anesthesia to be: 

1. The open closure of the bronchus facilitating the resection of the 
carina and of the tracheal wall. 

2. Prevention of transbronehial spread in wet cases and in tuberculosis 
making the ‘‘face-down’’ position unnecessary. Continuous suction can be 
ipplied to the bronchus draining the diseased area. 

3. The lung ean be deflated to provide more operating space when it is 
separated from the chest wall (see Fig. 2) and it can be inflated when lobar 


» 


and intersegmental planes are developed (see Fig. 5). 


Received for publication Oct. 8, 1951. 
*The catheter described in this paper is obtainable from A. B. Stille-Werner, Stockholm 
i, Sweden. 
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While points 2 and 3 have been described in an earlier paper, the ad- 
vantage of the open closure will be discussed in this communication. 

One lung anesthesia makes it possible to cut through the bronchus when- 
ever this is suitable during the resection and to leave it open until it is con- 
venient to close it. During the time the bronchus is left open the anesthetist 
leaves a small plastic catheter for continuous suction close to the cut edges 
of the bronchus to collect blood that may enter it. 














Fig. 1.—Diagram of the double lumen catheter in position. Notice the small rubber hook that 
is automatically engaged by the carina. 


3y this method it is not necessary to apply a clamp on the proximal part 
of the bronchus. If such a clamp is applied too firmly, it may injure the 
bronchial wall causing an impaired healing. 


It may be possible to avoid the central bronchial clamp by other tech- 
niques, but the great advantage with one lung anesthesia is that there is no 
hurry in closing the bronchus. The bronchial tree can be inspected, bronchial 
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anomalies may be detected and the correct interpretation of the bronchial 
anatomy may be confirmed in segmental resections. Bronchotomies and local 
excisions of tumors from the bronchial or tracheal wall have been much 
facilitated, see Case 3, Fig. 9. Through the open bronchus aspiration with a 
small rubber catheter may easily be carried out. 











Fig. 2.—The lung can be deflated to provide more operating space when it is separated 
from the chest wall. Continuous suction is applied to the diseased lung and anesthesia to the 
healthy one. 


I. Bronchial Closure by Invagination.—In pneumonectomies for tubereu- 
losis without bronchial stenosis, the invagination technique according to Crafoord 
is preferred. The only danger of this technique is an obstruction of the 
proximal bronchus by the invaginated part. This may be avoided by a more 
exaet estimation of the distance to the carina through the open bronchus. 
The invagination technique may also be performed in bilobectomies, but not 
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in lobeetomies or segmental resections when the bronchial stump is too short 
and a simple closure is preferred. Furthermore, there is no need for the use 
of this technique in eases with partial resections, where lung tissue is left 
behind covering the bronchial suture. 


Fig. 3.—The lung can be inflated when lobar and intersegmental planes are developed. 


The different steps of the invagination technique are: (1) The peripheral 
cartilaginous ring is exposed with a small knife and removed with a smal! 
elevator without injuring the adjacent external tissues or the thin submucosal 
layer (see Fig. 44). This will facilitate the invagination considerably. (2) 
Four or five terminal interrupted sutures of No. 0000 Deknatel silk are placed. 
(3) A eontinuous number 0 catgut suture will render the bronchus airtight. 
(4) A number 2 silk purse-string suture is then placed around each corner 
(the corner constituting the border between the membranous and cartilaginous 
portion of the bronchial wall) (see Fig. 4B). (5) Each corner is then in- 
vaginated and two or three further interrupted silk sutures will complete the 
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C. dD. 


Fig. 4A.—The peripheral cartilaginous ring is removed by a small elevator. The rubber 
hook of the tube is riding over the carina. 

Fig. 4B.—The first purse-string suture is placed (1-1). 

Fig. 4C.—One corner has been invaginated and the second purse-string suture is placed 


(2-2). 
Fig. 4D.—The invagination is completed by further interrupted silk sutures (3-3 and 4-4). 
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invagination. Thus several millimeters of the external bronchial wall lie pressed 
together facilitating healing (see Fig. 4£). (6) Then a pedieled pleural flap 
is sewn over the bronchus. 

II. Simple Bronchial Closure.—In neoplastie disease the most radical resee- 
tion must be carried out. Thus the bronchus is often too short for invagination. 
With the aid of the double-lumen catheter the resection of the right lung, 
cutting out the bronchus from the trachea including carina and a portion of the 
left main bronehus can be performed at ease. This is illustrated in Case 1, 


Fig. 5, 


Fig. 4H.—Diagram of the invagination showing several millimeters of the external bronchial 
wall lie pressed together. 








Fig. 5.—(Case 1.) High resection of right sided carcinoma including carina, part of trachea and 
the left main bronchus. 





Fig. 6A.—(Case 2.) Bronchogram of the adenoma projecting into the trachea, obstructing 
the right and most of the left main bronchus. The abnormal right upper-lobe bronchus is 
seen originating from the trachea. 








Fig. 6B.—Diagram of the adenoma in Case 2. 
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Case 1.—A 50-year-old man was found to have a squamous-cell carcinoma of the right 
upper lobe, diagnosed at bronchoscopy. At operation a frozen section of the main bronchus 
close to the carina showed invasion of cancer. Then a portion of trachea and the carina 
with adjacent part of the left main bronchus was resected. Closure was then made with 
interrupted and a continuous terminal suture of fine braided stainless steel. A pleural flap 
was sewn over the suture. The postoperative course was uneventful. 


7.—Bronchography after the preoperative endoscopic coagulation of the adenoma in 
Case 2. 


In eases of bronchial adenoma the tumor with its extra- and intrabronchial 
portion can be cut out from the_wall of the trachea or the bronchus and a 
plastic repair of the defect can be performed, see Cases 2 and 3. 


Case 2.—A 39-year-old woman was found to have a bronchial adenoma obstructing the 
right main bronchus and most cf the left main bronchus, The patient was then breathing 
only with the right upper lobe through an abnormal bronchus originating in the trachea 2 em. 
above the carina (see Fig. 6). 

After thirteen endoscopic electrocoagulations both lungs were areated. Bronchography 
showed the origin of the tumor in the right main bronchus and bronchiectasis in the right 
middle and lower lobe (see Fig. 7). 
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Fig. 8.—Diagram of the resection of the right lower and middle lobes including the carina 
and a small area of the left main bronchus in Case 2. 


Fig. 9.—The right upper-lobe bronchus has been excised from the trachea. 
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At the operation the right lower and middle lobes were removed together with the carina 
and a small area of the left main bronchus (see Fig. 8). Closure was made by five interrupted 
and a continuous suture of fine braided stainless steel. The postoperative course was un- 
eventful. 

CASE 3.—A 44-year-old woman had a bronchial adenoma causing atelectasis of the right 
upper lobe. The right upper-lobe bronchus took its origin from the trachea at the level of 
the carina. At operation, the right upper lobe was removed, its bronchus being excised from 
the tracheal wall (see Fig. 9). 


The technique of the simple bronchial closure is: (1) Dissection and 
removal of the peripheral bronchial cartilaginous ring. Cartilage has a poor 
blood supply and does not take part in healing. Sutures of braided stainless 
sutures of 0000 Deknatel silk on an atraumatie needle are placed. (3) Then a 
continuous suture of terminal 0000 Deknatel silk on a curved atraumatic needle 
is made. (4) A pedicled pleural flap is sewn over the bronchus. 

Lobectomies and segmental resections may be performed in the same 
manner on the right as on the left side, but in eases of left pneumonectomies 
the described open closure of the bronchus cannot be carried out. When the 
lung is liberated and the hilar structures dissected, the cuffs are deflated and 
the catheter is withdrawn about 5 centimeters. Immediately beforehand the 
bronchial secretion on the left side is aspirated to prevent spread. Afterwards 
the proximal cuff only is reinflated, both lumina connected with the anesthesia 
machine and the catheter is used as a single lumen intratracheal tube. In the 
same moment as the catheter is withdrawn, a soft aortic clamp is placed at the 
origin of the bronchus. 

SUMMARY 


One lung anesthesia makes it possible to cut through the bronchus when- 
ever this is suitable during the resection and to leave it open until it is con- 
venient to close it. It is not necessary to apply a clamp on the proximal part of 
the bronchus. Resection of the carina with adjacent part of trachea and left 
main bronchus is greatly facilitated. 
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Thursday Morning, May 8, 1952 
9:00 A.M. BUSINESS MEETING 
9:30 A.M. SCIENTIFIC SESSION 
1. Experimental Methods for Detection of Changes of Blood Supply to the 
Heart. 
Alfred Goldman, Clinton Shaw (by invitation), Eliot Corday (by in- 
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8. Resection of the Trachea for Carcinoma—Report of Two Cases. 
Bert H. Cotton and Joao R. F. Penido (by invitation), Beverly Hills, 
Calif. 
9, The Surgical Treatment of Carcinoma Involving the Hypopharynx, Larynx, 
and Upper Esophagus. 
Orville F. Grimes (by invitation) and H. Brodie Stephens, San Francisco, 
Calif. 
10. A Consideration of Palliative Treatment with Direct Attacks upon Carci- 
noma of the Esophagus. 
Mark M. Ravitch, Henry T. Bahnson (by invitation) and Thomas N, P. 
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Dallas, Texas 
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Following Resection for Tuberculosis, 
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(by invitation), Oteen, N. C. 

24. Plastic Sponge Prosthesis Following Resection in Pulmonary Tuberculosis. 
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